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EXECUTIVE SUMMARY


New Bedford Harbor is an urban tidal estuary located at the head

of Buzzards Bay in southeastern Massachusetts. The harbor is

hone port to one of the largest commercial fishing fleets in the

U.S. Industrial process wastes containing polychlorinated

biphenyls (PCBs) used in the manufacture of electronic

components were discharged into the harbor from the late 1940s

through the late 1970s. Field studies conducted in the late

1970s and early 1980s showed PCS concentrations in the marine

sediment over a 985-acre area to range from a few parts per

million (ppm) to over 100,000 ppm. Water column concentrations

of PCBs were found in excess of federal water quality criteria

(30 parts per trillion), and fish/shellfish concentrations were

found in excess of the U.S. Food and Drug Administration

guideline (2 ppm) for edible tissue. In addition to PCBs, heavy

metals (notably cadmium, chromium, copper, and lead) were found

in the sediment in concentrations ranging from a few ppm to over

5,000 ppm. As a result of the widespread contamination, New

Bedford Harbor was added to the U.S. Environmental Protection

Agency's (EPA) Superfund National Priorities List in July 1982.

New Bedford Harbor is the number one priority site in

Massachusetts, and was selected by the state in accordance with

Superfund provisions.


Numerous investigations have been conducted over the last decade

to physically characterize the New Bedford Harbor site,

determine the extent of PCB and metals contamination, and assess

the transport and fate of these contaminants. Data from these

investigations were compiled into a computerized data base by

Battelle Ocean Sciences in Duxbury, Massachusetts.


In 1984, NUS Corporation (NUS) completed a Feasibility Study

(FS) of remedial action alternatives for the highly contaminated

mudflats and sediment of the Acushnet River Estuary, north of

the Coggeshall Street Bridge. This study was requested by EPA

and the Commonwealth of Massachusetts because the extremely high

levels of PCBs and heavy metals in these locations appeared to

pose a significant risk to public health, public welfare, and

the environment.


As a result of extensive comments received on the NUS FS, EPA

determined it was necessary to conduct additional studies before

choosing a clean-up method for the upper estuary and the

harbor. The focus of the proposed additional studies would be

the feasibility of dredging and disposal of contaminated

sediment. EPA asked dredging and disposal experts from the U.S.

Army Corps of Engineers (USAGE) to design and carry out these

studies. In response to EPA's request, USAGE has been

conducting bench- and laboratory-scale studies, which comprise

their Engineering Feasibility Study (EFS) of Dredging and
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Dredged Material Disposal Alternative for the Acushnet River

Estuary. In the late fall and winter of 1988-1989, the EFS was

expanded to include a Pilot Study of Dredging and Disposal

Alternatives.


An FS is currently being conducted for New Bedford Harbor by

E.G. Jordan Co. under contract to Ebasco Services, Inc., as part

of the REM III Super fund Program. The goal of this study is to

present EPA with a range of remedial alternatives to address the

cleanup of PCBs and metals in New Bedford Harbor. Previous work

conducted by NUS, the EFS, and the pilot study are being

incorporated into this FS.


The New Bedford Harbor FS is divided into three geographical

study areas: the Hot Spot, the Acushnet River Estuary, and the

Lower Harbor and Upper Buzzards Bay (see Figure 1-3). The Hot

Spot is an approximate 5-acre area located along the western

bank of the Acushnet River, directly adjacent to the Aerovox

Corporation (Aerovox) facility. Based on the existing New

Bedford Harbor data base, calculations of PCB mass indicate that

the Hot Spot area contains approximately 45 percent of the total

PCB mass in sediment within the Acushnet River Estuary and New

Bedford Harbor.


In accordance with the National Contingency Plan (NCP) (40 CFR

300.68(c)), the Hot Spot area was designated an operable unit by

EPA Region I. This approach enables EPA to proceed with a

response action on this discrete, well-defined portion of the

site before selection of an appropriate overall remedial

action. Implementation of remedial action for the Hot Spot area

operable unit must be cost-effective and consistent with the

overall remedial action selected for the New Bedford Harbor

site.


This report is the FS of remedial alternatives for the Hot Spot

area. The purpose of the Hot Spot area FS is to present EPA

with a range of remedial alternatives that specifically address

protection of public health and the environment from PCBs and

metals in the Hot Spot area sediment.


PCBs were actively discharged into the upper estuary from the

late 1940s through the early 1970s. PCB contamination, which

is widespread throughout the estuary, is greatest in the upper

12 inches; however, contamination extends to below 3 feet in

localized areas. The Hot Spot area, located in the northern

part of the upper estuary adjacent to the Aerovox facility, is

defined as all areas where the sediment PCB concentration

exceeds 4,000 ppm. This area contains approximately 10,000

cubic yards of PCB-contaminated sediment, representing

approximately 48 percent of the PCB mass in the upper estuary,

or 45 percent in the entire harbor. The 4,000-ppm target
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concentration limit is not risk-based, but was determined to be

the minimum volume of sediment that contained the maximum PCB

mass.


The Hot Spot area serves as a PCB source for the remainder of

the estuary and lower harbor and bay. Diffusion of PCBs from

the sediment into the water column was determined to be the

prime transport mechanism. PCBs in the water column in the Hot

Spot area exceeded Ambient Water Quality Criteria (AWQC) and

were an order of magnitude greater than those sampled in the

lower harbor and bay. Studies have shown that there is a mean

net seaward flux of water-column PCBs at the Coggeshall Street

Bridge, ranging from 200 to 600 kilograms per year. Tidal flow

was determined to be the dominant transport mechanism for

water-column PCBs.


The ultimate fate of the PCBs once they reach the outer harbor

is not certain. Photolysis by sunlight, volatilization,

biodegradation, and biological uptake are all believed to be

attenuative or degradative factors. Of these, biological uptake

is the greatest concern because of environmental impacts, public

health impacts associated with ingestion of contaminated biota,

and economic impacts on the local fishing industry. Sustained

elevated concentrations of PCBs in lobster, winter flounder, and

other species were documented in the outer harbor area from 1977

to 1987. For this reason, this area has been closed to fishing

since 1979.


Public health and environmental risks are associated with the

Hot Spot area. The public health risks associated with direct

contact with Hot Spot area sediment, greatly, exceeds the EPA

carcinogenic target range of 10 to 10 . The Hot Spot

area also poses an environmental risk not only to biota

associated with the Hot Spot area, but also with biota in the

remainder of the estuary and lower harbor and bay. Because this

area is a major source of PCBs to the water column, its

environmental impact extends beyond the site area boundaries.


Based on public health and environmental risks, the following

three response objectives were developed for the Hot Spot area:


• provide protection to the public health threat posed by 
direct contact with Hot Spot area sediment 

• provide protection to environmental receptors in direct 
contact with the Hot Spot area sediment 

• reduce PCB migration from the Hot Spot ar̂ a sediment, 
which acts as a PCB source to the water column and 
remainder of the harbor environment 
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Technologies that could potentially attain these response 
objectives were identified and screened for applicability to the 
Hot Spot area. Applicable technologies were developed into nine 
remedial alternatives. The remedial alternatives were developed 
to provide a range of treatment, including a no-action 
a l ternat ive  , containmen t al ternative , an d t reatmen t 
alternatives. 

Following the development of alternatives, each alternative 
underwen t initial screening to ana lyz  e the expected 
effectiveness, implementability, and cost. As a result of this 
screening process, four alternatives were retained for detailed 
analysis. These alternatives are presented in Table ES-1 and 
Section 6.0. 

A detailed analysis was performed for each of the four 
alternatives. During detailed analysis, the following criteria 
were evaluated: (1) short- and long-term effectiveness; (2  ) 
reduction of mobility, toxicity, or volume of contaminants; (3) 
implementability; (4) cost; (5) compliance with Applicable or 
Relevant and Appropriate Requirements (ARARs); (6) overall 
protection of public health and the environment; and (7) 
community and state acceptance. The detailed evaluation of 
alternatives is presented in Section 7.0; Table ES-2 is a 
comparison of the four remedial alternatives. 
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• • iLjs E* x • • 
SUMMARY OF HOT SPOT ALTERNATIVES 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

ALTERNATIVE ALTERNATIVES ALTERNATIVES REMAINING 
DEVELOPMENT ELIMINATED DURING FOR DETAILED 
(SUBSECTION 6.1) SCREENING (SUBSECTION 6.3) EVALUATION 

HS-NA-1 No-action HS-NA-1 (HS-1) 

HS-CONT-1 Capping HS-CONT-1 
HS-CONT-2 Embankment/Capping HS-CONT-2 

HS-DISP-1 Confined Aquatic Disposal HS-DISP-1 
HS-DISP-2 Out-of-State TSCA/RCRA Disposal HS-DISP-2 

HS-TREAT-1 On-site Incineration HS-TREAT-1 (HS-2) 
HS-TREAT-2 Solidification HS-TREAT-2 (HS-3) 
HS-TREAT-3 Solvent Extraction HS-TREAT-3 (HS-4) 
HS-TREAT-4 Off-site Incineration HS-TREAT-4 

4.89.84T

0002.0.0




TABLE ES-2 
COMPARATIVE ANALYSIS SUMMARY TABLE 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

ALTERNATIVE ALTERNATIVE 
ASSESSMENT FACTORS HS-1 NO-ACTION HS-2 INCINERATION SOLIDIFICATION/DISPOSAL SOLVENT EXTRACTION 

• Reduction of Toxicity, No reduction in toxicity, Reduction in toxicity and Reduction in nobility of the Hot Reduction in toxicity and 
Mobility, or Volume mobility, or volume since mobility of PCB-sediments. Spot Sediments. No reduction in mobility of PCB sediments. 

no treatment is employed. Volume also reduce unless ash toxicity. Volume increased by Volume will increase if 
is solidified to prevent solidification. solidification is employed, 
metals leaching. to prevent metal leaching. 

• Short-term Effectiveness 

- Time Until Protection Reduction in public health Reduction in public health Same as Alternative HS-2. Same as Alternative HS-2. 
is Achieved risk due to direct contact and environmental risk 

could be achieved in one 
month.' No reduction in 

should occur within one year 
after remedial action is 

environmental risk. initiated. 

Protection of Community No impact to community during Dredge controls and air quality Same as Alternative HS-2. Same as Alternative HS-2. 
During Remedial Actions remedial action. controls will minimize community 

impacts. 

Protection of Workers Minimal risk to workers Protection required against Protection required against Protection required against 
During Remedial Actions during fence/sign installa dermal contact with dredged dermal contact with dredged dermal contact with dredged 

tion. sediments and fugitive dust sediments and fugitive dust sediments and fugitive dust 
from dewatered sediments and from dewatered sediments from dewatered and treated 
ash. and solidification process. sediments. 

- Environmental Impacts No significant adverse Minimal environmental impact Same as Alternative HS-2. Same as Alternative HS-2. 
environmental impact from expected from dredging or 
fence installation. construction. 

• Long-term Effectiveness 

- Magnitude Of Residual Significant risks remain After sediments have been After sediments have been After sediments have been 
Risk for public health associated 

with direct contact of 
incinerated and the ash 
solidified (if needed). 

solidified and disposed off-
site, there will be minimal 

treated and solidified (if 
needed), there will be 

surface soils. Environmental There will be minimal risk residual risk. minimal residual risk. 
risks would continue unmiti associated with the treated 
gated. sediments. 

- Adequacy of Controls No direct engineering Incineration is a proven TSCA/RCRA landfill is a proven Treatment by solvent extract-
controls; fence subject to technology; no long-term technology; annual monitoring and ion is expected to produce a 
vandalism; annual monitoring management of treatment maintenance is required. treated sediment that will 
and repair required. residuals required. not need long-term control. 
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TABLE ES-2 
(continued) 

COMPARATIVE ANALYSIS SUMMARY TABLE 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

ALTERNATIVE ALTERNATIVE 
ASSESSMENT FACTORS HS-1 NO-ACTION HS-2 INCINERATION SOLIDIFICATION/DISPOSAL SOLVENT EXTRACTION 

- Reliability of Sole reliance on fence and Remedy will be highly reliable Likelihood of landfill failure is Same as Alternative HS-2. 
Controls institutional controls to due to removal of sediment small as long as O&M is performed. 

prevent exposure; high level causing risk. 
of residual risk. 

• Implementation 

- Technical Feasibility Fence/signs are easily con' Incineration would require TSCA/RCRA Landfill easy to imple- Solvent extraction would 
structed; environmental special equipment and opera ment; dewatering and solidification require special equipment 
monitoring well-proven. tors; treated residuals of sediments proven during bench- and operators; treated 

would require testing to and pilot-scale tests. residuals would require 
verify treatment effective- testing to verify treatment 
ness; technology has been effectiveness; technology has 
demonstrated at other sites. been pilot-tested on Hot 

Spot sediments. 

Administrative No off-site construction; Same as Alternative HS-1. Same as Alternative HS-1. Same as Alternative HS-1. 
Feasibility therefore, no permits 

required. 

Availability of Services and materials Dredge, dewatering, and mobile Dredge, dewatering, and solidifi- Solvent extraction equipment 
Services and locally available. incinerator equipment and cation services available in available from vendors but 
Materials operators needed; available eastern United States. TSCA/ not readily. Equipment con-

services in eastern United RCRA disposal facility not struction or pilot-scale 
States. locally available. tests may be required. 

• Cost 

- Capital Cost $ 48,000 $14,397,300 $13,300,200 $12,168,650 
- O&M Cost 407,000 
- Present Worth Cost 455,000 14,397,300 13,300,200 12,168,650 

• Compliance with ARARs/TBCs 

- Compliance with ARARs AWQCs will not be attained. AWQCs will not be attained. Same as Alternative HS-2. AWQCs will not be attained. 
All other ARARs will be met. Solvent extraction will need 

to achieve equivalent per
formance standards. 

Appropriateness of Not justifiable. Justifiable based on interim Same as Alternative HS-2. Same as Alternative HS-2. 
Waivers remedy. 
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TABLE ES-2 
(continued) 

COMPARATIVE ANALYSIS SUMMARY TABLE 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

ALTERNATIVE ALTERNATIVE 
ASSESSMENT FACTORS HS-1 NO-ACTION HS-2 INCINERATION SOLIDIFICATION/DISPOSAL SOLVENT EXTRACTION 

- Compliance with Does not meet FDA level for Is not expected to achieve FDA Sane as Alternative HS-2. Sane as Alternative HS-2. 
Criteria, Advisories, PCBs in fish and shellfish. level for PCBs in fish and 
and Guidance shellfish. 

• Overall Protection of 
Human Health and the 
Environment 

- How Risks are Reduced, Risks to public health are Risks to public health and the Same as Alternative HS-2. Same as Alternative HS-2. 
Eliminated, or reduced by restricting site environment are significantly 
Controlled accessf environmental risks reduced by the removal and 

are not-mitigated. treatment of the Hot Spot. 
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1.0 INTRODUCTION


1.1 BACKGROUND


New Bedford, Massachusetts, is a port city located at the head 
of Buzzards Bay, approximately 55 miles south of Boston (Figure 
1-1). Historically, New Bedford is nationally known for its 
role in the development of the whaling industry in the early 
1800s. Today, the harbor is home port to one of the largest 
commercial fishing fleets in the U.S. 

In 1976, the U .S  . Environmental Protection Agency (EPA) 
conducted a New England-wide survey for polychlorinated 
biphenyls (PCBs) (EPA, 1976) . During this survey, high levels 
of PCB contamination were discovered in various locations 
throughout New Bedford Harbor. Further investigation identified 
two electrical capacitor manufacturers, Aerovox Corporation 
(Aerovox) and Comell-Dubilier Electronics Corporation, as major 
users of PCBs from the time their operations commenced in the 
1930s until 1977, when EPA banned the use of PCBs. These 
industries discharged wastewaters containing FCBs directly into 
New Bedford Harbor and indirectly via the municipal wastewater 
treatment system (EPA, 1976). 

Field studies conducted in the late 1970s and early 1980s showed 
PCB concentrations in marine sediment over a 985-acre area to 
range from a few parts per million (ppm) to over 100,000 ppm. 
Portions of western Buzzards Bay are also contaminated, with 
sediment PCB concentrations in excess of 50 ppm. Water-column 
concentrations were found in excess of federal ambient water 
quality criteria (30 parts per trillion, based on chronic 
impacts to marine organisms), and fish/shellfish concentrations 
were found in excess of the U.S. Food and Drug Administration 
(FDA) tolerance limit (i.e., 2 ppm) for edible tissue. In 
addition to PCBs, heavy metals (notably cadmium, chromium, 
copper, and lead) were found in sediment in concentrations 
ranging from a few ppm to over 5,ooo ppm. 

As a result of the widespread PCB contamination and the 
accumulation of PCBs in marine biota, the Massachusetts 
Department of Public Health established three fishing closure 
areas in September 1979 (Figure 1-2). These closures are still 
in effect at the present time. Area I is closed to all fishing: 
finfish, shellfish, and lobsters. Area II is closed to the 
taking of lobsters and bottom-feeding finfish, such as eels, 
flounders, scup, and tautog. Area III is closed to lobster ing 
only. Closure of the New Bedford Harbor and upper Buzzards Bay 
area to lobstering has resulted in the loss of approximately 
18,000 acres of productive lobstering ground. 
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In July 1982, New Bedford Harbor was added to the EPA Superfund

National Priorities List (NPL), where it is currently listed in

Group 2 as Site Number 76. New Bedford Harbor is the number one

priority site in Massachusetts and was selected by the state in

accordance with Superfund provisions. Following the NPL

listing, EPA Region I initiated a comprehensive assessment of

the PCS problem in the New Bedford area in August 1982. The

assessment included sampling at the New Bedford and Sullivan's

Ledge landfills; an area-wide ambient air monitoring program; a

sediment PCB profile for the Acushnet River and the harbor;

biota sampling in the estuary, harbor, and bay; and a study of

sewer system contamination. Results of this assessment were

presented in a Remedial Action Master Plan (RAMP) for the site

in May 1983 (Weston, 1983). The RAMP included recommendations

for studies to further delineate the contamination problems.


Concurrent with the assessment leading to the RAMP, EPA compiled

a data base of sampling and analytical results of previous

studies in the New Bedford Harbor and Buzzards Bay area. The

final report on this data collection effort was issued by EPA in

August 1983 (Metcalf & Eddy, 1983).


In 1983, NUS Corporation (NUS) prepared a work plan which

included plans for a Feasibility Study (FS) of remedial action

alternatives for the highly contaminated mudflats and sediment

of the Acushnet River Estuary, north of the Coggeshall Street

Bridge. This study was requested by EPA and the Commonwealth of

Massachusetts because the extremely high levels of PCBs and

heavy metals in these locations appeared to pose a near-term

risk to public health, public welfare, and the environment. In

October 1983, NUS received authorization to proceed with the FS

for the upper estuary..


Upon completion of the Upper Estuary FS in August 1984, EPA

sought public review and comment on the following five clean-up

options:


1. Channeling of the Acushnet River north of the

Coggeshall street Bridge and capping contaminated

sediment in the remaining open water areas.


2. Dredging of contaminated sediment and disposal in a

partially lined confined disposal facility (CDF)

located along the eastern shore in the northern part

of the estuary.


3. Same as option No. 2, except that the CDF would be

lined on the bottom as well as on the sides. •


4. Dredging of contaminated sediment and disposal in a

nearby upland containment site (no site was identified

as available at that time).
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5. Dredging of contaminated sediment to an elevation well 
below the depth of contamination. Contaminated 
dredged material would be placed in the bottom of the 
excavated cell and covered with a layer of clean 
sediment. The bottom of the upper estuary is returned 
to its original elevation. Disposal of contaminated 
sediment in subaqueous cells is termed confined 
aquatic disposal (CAD). 

EPA received extensive comments on the options fro m other 
federal, state, and local officials, potentially responsible 
parties, and the general public. Many of the comments concerned 
the adequacy of available dredging techniques and potential 
impacts of dredging on the harbor due to resuspension of 
contaminated sediment. The potential release of contaminated 
water (i.e., leachate) from an unlined disposal site was another 
area of concern. 

In attempting to respond to these comments, EPA determined it 
was necessary to conduct additional studies before choosing a 
clean-up method for the upper estuary. The focus of the 
proposed additional studies would be the feasibility of dredging 
and disposal of contaminated sediment. EPA asked dredging and 
disposal experts from the U.S. Army Corps of Engineers (USACE) 
to design and conduct these studies. In response to EPA's 
request, USAGE has been conducting bench- and laboratory-scale 
studies, which comprise their Engineering Feasibility Study 
(EFS) of Dredging and Dredged Material Disposal Alternative for 
the Acushnet River Estuary (Francingues and Averett, 1988). 
Components of the EFS include (1) numerical modeling of sediment 
and contaminant transport during dredging; (2) studies of 
estuary sediment characterization, leachate and surface runoff 
CDFs, subaqueous capping, solidification/stabilization (S/S) 
technologies, and settling and chemical clarification; and ( 3  ) 
conceptual designs of CDFs and CAD areas. The EFS was 
subsequently expanded to include a Pilot: Study of Dredging and 
Disposal Alternatives, which was conducted in New Bedford Harbor 
during the late fall and winter of 1988-1989. 

In August 1986, Ebasco Services, Inc. (Ebasco) prepared a work 
plan to complete the FS for the entire New Bedford Harbor site 
under the REM III Superfund Program (Ebasco, 1986; E.C. Jordan 
Co./Ebasco, 1986). Along with development of additional 
remedial alternatives for the site, the proposed scope of work 
included incorporating previous work conducted by NUS and the 
EFS and pilot study being conducted by USACE. 

An overall FS is currently being conducted for New Bedford 
Harbor by E.C. Jordan Co. (Jordan) under contract to Ebasco (EPA 
Contract No. 68-01-7250; Work Assignment No. 04-1L43). The goal 
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of this study is to present EPA with a range of remedial

alternatives to address the cleanup of PCBs and metals in New

Bedford Harbor.


The New Bedford Harbor FS is divided into three geographical

study areas: the Hot Spot area, the Acushnet River Estuary, and

the Lower Harbor and Upper Buzzards Bay (Figure 1-3). The Hot

Spot is an approximate 5-acre area located along the western

bank of the Acushnet River, directly adjacent to the Aerovox

facility. A more detailed map of this area is shown in Figure

1-4. Sediment PCB concentrations in this area range from 4,000

to over 100,000 ppm. Sediment metals (i.e., cadmium, chromium,

copper, and lead) concentrations range from below detection to

approximately 4,000 ppm.


The Acushnet River Estuary is an area of approximately 230 acres

(excluding the Hot Spot area), extending from the Wood Street

Bridge to the north, to the Coggeshall street Bridge to the

south (see Figure 1-4). Sediment PCB concentrations in this

area (excluding the Hot Spot area) range from below detection to

approximately 4,000 ppm. Sediment metals concentrations range

from below detection to over 7,000 ppm.


The Lower Harbor area consists of approximately 750 acres

extending from the Hurricane Barrier, north to the Coggeshall

Street Bridge. Sediment PCB concentrations range from below

detection to over 100 ppm. Sediment metals concentrations range

from below detection to approximately 3,000 ppm.


The Upper Buzzards Bay portion of the FS study area extends from

the hurricane barrier to the southern boundary of Fishing

Closure Area III, an area of approximately 18,000 acres (see

Figure 1-2). Sediment PCB concentrations in this area range

from below detection up to 100 ppm in localized areas along the

New Bedford shoreline near combined sewer and stormwater

outfalls. The latter areas, comprising a few acres, will be

evaluated for potential remediation as part of the FS for the

estuary/lower harbor and bay (Section 1.2.2).


1.2 PURPOSE AND APPROACH


1.2.1 The Hot Spot as an Operable Unit


Based on the existing New Bedford Harbor data base (Battelle,

1989) , calculations of PCB mass indicate that the 5-acre area

defined as the Hot Spot, and representing 0.5 percent of the

total 985-acre New Bedford Harbor dtudy area, contains

approximately 45 percent of the total PCB mass in sediment

within the Acushnet River Estuary and New Bedford Harbor (E.G.

Jordan Co./Ebasco, 1989). Existing data indicate that PCBs

continue to migrate from the Hot Spot area and that this area
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serves as a source of PCBs for the estuary and lower harbor and

bay areas (Section 2.0). Because a significant mass of PCBs is

contained in such a small area, any remedial action implemented

for New Bedford Harbor would begin with the Hot Spot area.


In accordance with the National Contingency Plan (NCP) (40 CFR

300.68(c)), the Hot Spot area was designated an operable unit by

EPA Region I. This approach enables EPA to proceed with a

response action on this discrete, well-defined portion of the

site before selection of an appropriate overall remedial

action. Remediation of the Hot Spot area operable unit will be

conducted as an interim remedy. Implementation of remedial

action for the Hot Spot area must be cost-effective and

consistent with the overall remedial action selected for the New

Bedford Harbor site.


This report is the FS of remedial alternatives for the Hot Spot

area. The purpose of the Hot Spot FS is to present EPA with a

range of remedial alternatives that specifically address

protection of public health and the environment from PCBs and

metals in the Hot Spot area sediment.


The Hot Spot area FS was conducted in accordance with the

following legislation and guidance governing hazardous waste

remediation:


• Superfund Amendments and Reauthorization Act 
(SARA) of 1986 

• National Oil and Hazardous Substances Pollution 
Contingency Plan; Final Rule (FR 47912, 
November 1985) 

• National Oil and Hazardous Substances Pollution 
Contingency Plan; Proposed Rule (FR 51396, 
December 1988) 

• Guidance for Conducting Remedial Investigations (RIs) 
and Feasibility Studies under CERCLA; Interim 
Final (EPA Office of Solid Waste Emergency Response 
[OSWER] Directive 9355.3-01, October 1988) 

1.2.2 The Hot Spot in Relation to the Estuary and Lower

Harbor/Bay FS


An FS of remedial alternatives for the estuary/lower harbor and

bry is currently being conducted by -Tordan/Ebasco, and will be

published as a separate document. As part of the estuary/lower

harbor and bay FS, remedial alternatives will be developed to

achieve the response objectives and established target clean-up
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levels (TCLs) for the overall New Bedford Harbor site. The

remedial alternative selected for the Hot Spot area will be

consistent with the remedial strategy selected for the overall

site so that the established TCLs will be achieved for the

overall New Bedford Harbor site.


1.3 REPORT ORGANIZATION


Section 2.0 presents the physical and chemical characterization

of the Hot Spot area and the adjacent areas comprising the upper

estuary. The spatial extent of FOB and metals contamination is

discussed, including the methodology used to calculate the area

and volume of PCB contamination in the Hot Spot area. Fate and

transport of PCBs from the Hot Spot area are also discussed.


Section 3.0 summarizes the methodologies and results of the

public health and environmental baseline risk assessments

conducted for the overall New Bedford Harbor site. The

magnitude of risk reduction for the overall New Bedford Harbor

site due to Hot Spot remedial action will be assessed as part of

the estuary/lower harbor and bay FS.


Section 4.0 presents the remedial action objectives developed

for the Hot Spot area. These objectives were used as guidelines

for the subsequent selection of remedial technologies and the

development and evaluation of remedial alternatives.


Section 5.0 presents the identification, screening, and detailed

evaluation of remedial technologies for New Bedford Harbor.

This section is an inventory of applicable technologies that can

be assembled into alternatives capable of meeting the remedial

action objectives. This section includes discussions and

results of numerous studies conducted in support of the New

Bedford Harbor Superfund project. Section 5.0 concludes with a

summary of the remedial technologies considered applicable for

the Hot Spot area.


Section 6.0 describes the development and screening of remedial

alternatives for the Hot Spot area. A range of alternatives is

developed as prescribed by SARA and EPA guidance for conducting

FSs under the Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA). The alternatives are

screened on the basis of effectiveness, implementation, and

cost. Remedial alternatives remaining after the screening are

carried forward for detailed evaluation.


Section 7.0 presents the detailed evaluation of remedial

alternatives for the Hot Spot area. Each alternative contains a

conceptual design and an evaluation using the nine criteria

prescribed by CERCLA RI/FS guidance (Interim Final, October

1988) and the proposed NCP (FR 51506 (e)(9)). Section 7.0 also
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presents a comparative analysis of the remedial alternatives to 
evaluate the relative performance of each alternative in 
relation to each specific criterion. 
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2.0 SITE DESCRIPTION


The New Bedford Harbor site has been the subject of numerous

studies which are cited in the Administrative Record. This

section draws from and references many of these studies to

describe the site history and potential transport and fate of

PCB-contaminated sediment in the upper estuary and Hot Spot

area.


The Hot Spot area of New Bedford Harbor is located on the

western bank of the upper Acushnet River Estuary, directly

adjacent to the Aerovox facility. The water bottom slopes

gently from the shoreline toward the center of the river channel

in this area. Low tides expose much of the Hot Spot area as

mudflats. Low water elevations range from -1.6 to -2.2 feet

mean sea level (MSL). Sediment in the Hot Spot area are 75- to

80-percent silts and marine clays, with 20- to 25-percent of the

grains not passing the 200-mesh sieve (i.e., sands).


The PCBs detected in sediment from the upper estuary vary both

in level and in composition. The Aerovox facility used PCBs as

impregnation fluids from 1947 to 1978. During this period,

capacitors containing paper, paper foil, and mica were

manufactured. Aroclor 1254 was used in substantial quantities

in the 1950s, then Aroclor 1242 was used during the 1960s until

1971 when Aroclor 1016 was introduced, replacing Aroclor 1242 as

the impregnation fluid. Arodors 1254 and 1252 were also used

in smaller quantities. Between January 1973 and December 1975,

more than four million pounds of PCB impregnation fluid were

used at the Aerovox facility (Weaver, 1982).


The discharge of wastewater containing PCBs from the Aerovox

facility has been documented by the EPA (EPA, 1976) . In

addition to direct discharge of PCBs, waste capacitors have also

been disposed in the estuary and are considered to be a source

of PCB contamination in the Hot Spot sediment (Weaver, 1982) .

Since the original discharge or disposal, these PCBs have been

subjected to various chemical, physical, and biological

processes including diffusion, dispersion, and degradation,

which have altered the original spatial distribution of these

contaminants.


Since PCBs are a group of 209 different congeners, the physical

and chemical properties of these contaminants vary depending on

the amount and position of the chlorine substitution on the

biphenyl molecule. Once commercial mixtures of PCBs are

released to the environment, their composition can change due to

the differential behaviors of the individual congeners. The

lighter (i.e., less chlorinated) congeners are, in general, more

volatile and soluble and therefore may be transported further

from the source prior to deposition. These congeners are more
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easily mobilized and transported out of the original zone of

deposition. More highly chlorinated congeners would demonstrate

generally opposite behavior. In addition to the phyBiochemical

differences of the congeners, differential rates of biochemical

degradation, uptake, and depuration by biota would further serve

to make the actual congener mix at any location more or less

different from the mixture that was originally released.


The Hot Spot has been defined to include all areas where

PCB-sediment concentrations exceed 4,000 ppm. PCB contamination

in excess of 4,000 ppm occurs up to a depth of 4 feet; however,

the largest aerial extent of contamination occurs in the top

foot of sediment. As illustrated in Figure 2-1, there are

actually four areas that contain contaminated sediment in excess

of 4,000-ppm PCBs. These areas comprise approximately 5 acres,

and are collectively referred to as the Hot Spot area. The two

northern areas are the largest and appear to be the result of

direct discharge and/or runoff of PCBs into the estuary from the

Aerovox property.


2.1 DEFINITION OF THE HOT SPOT


As a result of investigations prior to 1985, EPA determined that

a small area near the Aerovox property had significantly higher

PCB sediment concentrations than the remainder of the estuary,

lower harbor, and bay. It was noted that the sediment in this

area appeared to contain a more oily substance than at other

locations. Laboratory analyses of sediment samples from one

grid indicated sediment PCB concentrations over 30,000 ppm. In

1986, EPA set a preliminary level of 10,000 ppm for the lower

boundary of sediment PCB concentrations to define the Hot Spot

area, and evaluated removing this area as an emergency response

action consistent with the requirements of the NCP. However,

this was not possible because remediation costs exceeded the

$2-million ceiling outlined in the NCP (E.G. Jordan Co./Ebasco,

1987) .


Subsequent to this evaluation, EPA requested that USAGE conduct

additional sediment sampling to further define the Hot Spot area

and volume; this was completed in 1987. The USAGE Hot Spot

sampling data were combined with the earlier estuary sediment

sampling data to determine if the 10,000-ppm level was an

appropriate action level (see Subsection 2.3).


Figure 2-2 presents an analysis of the PCB sediment sampling

data in the estuary. The top portion of this figure illustrates

PCB concentrations in the estuary with a corresponding

remediation volume. This figure shows that the remediation

volume increases as the target PCB level becomes lower. The

lower portion of Figure 2.2 is another interpretation of the
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same data. In this illustration, the percent mass of PCBs in

the estuary is plotted against the corresponding remediation

volume. This figure shows that in order to remove 100 percent

of the PCBs in the estuary, over one million cubic yards of

sediment would have to be excavated and/or treated.


To achieve the preliminary action level of 10,000 ppm set in

1986 by EPA, 8,700 cy of sediment would require remediation and

would remove approximately 45 percent by mass of the PCBs in the

upper estuary. To achieve an action level of 4,000 ppm, an

additional 1,300 cy of sediment would require remediation (for a

total of 10,000 cy of sediment) and an additional 3 percent by

mass of PCBs would be removed from this area (for a total

reduction of 48 percent mass PCBs). The additional volume

(1,300 cy of sediment) required to remove an additional 3

percent by mass of PCBs was considered both manageable and

cost-effective. Therefore, an action level of 4,000 ppm PCBs

was selected to define the Hot Spot area. This action level

attempts to optimize the reduction of PCB mass and minimize the

amount of sediment requiring removal and/or treatment.


Table 2-1 summarizes the data presented in Figure 2-2. In this

table, different PCB target levels are presented along with the

volume of sediment required for remediation. The Hot Spot

action level was selected to achieve the lowest remediation

volume that would optimize the amount of PCB removal. As

discussed in Section 2.3.1, the mass of PCBs in the Hot Spot

area is contained primarily in the first twelve inches of

sediment where this material remains a potential source for

release into the overlying water and the food chain. Because

this area of high contamination was confined to a relatively

small volume, the Hot Spot area was separated into an operable

unit.


2.2 CONTAMINATION ASSESSMENT


Numerous studies and reports completed for the New Bedford

Harbor Superfund site outlined the nature and extent of

contamination, the location and functional value of the wetland

areas, the fate and transport of PCBs in the estuarine

environment, and the risks associated with the PCB

contamination. These reports are used herein to assess the Hot

Spot PCB sediment data in order to highlight the relationship of

the PCB contamination in the Hot Spot area to the estuary and

lower harbor and bay.


The following five sediment sampling data sets were used to

determin' the nature and extent of PCB contamination in sediment

of the Acushnet River Estuary:


• U.S. Coast Guard Sediment Sampling Program (1982)
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TABLE 2-1

ACUSHNET RIVER ESTUARY DATA INTERPRETATION


(PCS TARGET LEVELS, REMEDIATION VOLUME, % PCB MASS)


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


PCB TARGET LEVEL REMEDIATION % MASS OF 
CONCENTRATION rPPM) VOLUME TCY) PCBs 

500 200,000 89.0 
1,000 92,000 82.0 
2,000 66,000 77.0 
3,000 39,000 63.0 
4,000 10,000 48.0 
5,000 9,700 47.6 
6,000 9,500 47.2 
7,000 9,300 46.8 
8,000 9,100 46.5 
9,000 8,900 46.2 
10,000 8,700 45.5 
20,000 6,400 41.8 
30,000 4,400 32.0 



• USAGE FIT Sampling Program (1986)

• Battelle Hot Spot Sediment Sampling Program (1987)

• USAGE Wetlands and Benthie Sediment Sampling Program


(1988)

• USAGE Hot Spot Sediment Sampling Program (1988)


These data sets were used for the Hot Spot contamination

assessment because of consistent sampling and analytical

procedures. The data from these sampling programs are presented

in tables in Appendix A.


Other relevent data sets included in the Administrative Record,

but not used in the development of the Hot Spot maps, include:


• DEQE sampling (1981) 
• EPA sampling (November 1981) 
• Aerovox sampling (March 1982) 
• Aerovox/GE sampling (June 1986) 

These data are consistent with the magnitude and location of PCB 
contamination identified in the previously mentioned data sets. 

To determine the horizontal and vertical extent of contamination 
in the estuary, PCB concentration maps were prepared from the 
data presented in Appendix A for three depths: zero to 
12 inches, 12 to 24 inches, and 24 to 36 inches. Except for the 
northernmost Hot Spot area, there was minimal contamination 
below 36 inches; therefore, maps were not prepared for depths 
below 36 inches. The sample location from each of the five 
sampling programs was marked on each sample location map along 
with the corresponding sample number. These sample location 
maps are also included in Appendix A. PCB concentration maps 
were developed from the corresponding sample location map by: 

• assigning each sediment sample l o c a t i o  n the 
corresponding total PCB concentration (Aroclor 
summation) 

• developing a contamination range for contamination 
contouring 

• contouring the sediment PCB concentrations to 
illustrate the extent of contamination 

Figures 2-1, 2-3, and 2-4 are the PCB concentration maps for the 
zero to 12-inch, 12- to 24-inch, and 24- to 36-inch depths, 
respectively. 

A contouring procedure was used to delineate the horizontal 
distribution of contamination in the estuary. To enhance data 
interpretation, order-of-magnitude concentration ranges were 
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established. The PCB ranges illustrated on these figures are

zero to 50 ppm, 50 to 500 ppm, 500 to 4,000 ppm, and greater

than 4,000 ppm. This range was developed to be consistent with

the Toxic Substance Control Act (TSCA) definition of

PCB-contaminated material (50 to 500 ppm), PCB material (greater

than 500 ppm), and the 4,000 ppm action level established to

define the Hot Spot area. Isoconcentration contours were

derived by dividing the distance between sample points of

different concentration ranges. For example, if the sample

points differed by one range, the contour was drawn half-way

between the points; for two ranges, the distance was divided

into thirds, and the two contours drawn at these points. This

method provides a qualitative assessment of contaminant

distribution and is an appropriate method for determining

PCB-contaminated sediment volume where there is adequate data

density. Sampling in and around the Hot Spot area provided

substantial data. The remediation volumes that were developed

based on the PCB-concentration maps are expected to be accurate

to within 15 percent. However, additional sampling may be

required during remediation to define the extent of the Hot Spot

area.


PCBs are the primary contaminant of concern in the Hot Spot area

and estuary. However, the Acushnet River Estuary is not a

pristine estuarine environment, and has historically been

polluted with industrial and sanitary waste discharges. Due to

these other discharges, there are elevated levels of polycyclic

aromatic hydrocarbons (PAHs) and heavy metals (i.e., copper,

chromium, lead and cadmium) in the estuary sediment. The

presence of and potential risks from metal contamination are

presented in the baseline risk assessment; risks from exposure

to PAHs in the Hot Spot area have been previously evaluated

(E.G. Jordan/Ebasco, 1987).


PAH compounds were found to be collocated with PCBs; however,

the range of PAH concentrations in the upper estuary sediment

was significantly less than the range of PCB concentrations.

Total PAH concentrations range from below detection limit to 930

ppm, with an average PAH sediment concentration of approximately

70 ppm. (The highest PAH concentrtion of 930 ppm was detected

in the Hot Spot area.) No discrete areas of elevated levels of

PAH compounds were observed, suggesting that PAH contamination

results from non-point sources such as urban runoff. PAH

concentrations detected in the upper estuary sediment are

similar to PAH concentrations detected in other urban and

industrialized areas (EPA, 1982).


The relative toxicity of PAH compounds with respect to PCBs

indicates that the majority or risk from exposure to sediment in

the Hot Spot will be attributed to PCBs. Since PAH compounds

can be effectively treated by the technologies identified to
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treat the PCB contamination (see Section 5.0)  , methods taken to 
reduce PCB contaminat io  n will ef fect ivel  y reduce PAH 
contamination. However, unlike PCBs, the discharge of PAH 
compounds is expected to continue after remediation into the 
upper estuary from non-point sources. Therefore, remedial 
actions may not permanently reduce levels of these contaminants. 

Risk from exposure to metals was evaluated in the baseline risk 
assessment and is summarized in Section 3.0. In addition to 
potential risks caused by these contaminants  , metal 
contamination in the upper estury is a concern from an 
engineering perspective. Heavy metals cannot always be treated 
with the same treatment technologies identified for PCBs and may 
serve as a future source of contamination during any disposal of 
treated sediment. To identify areas of high contamination, 
metals concentration maps (Figures 2-5 through 2-7) were 
prepared in a similar manner to that discussed for PCB 
contamination. 

Subsection 2 .2 .  1 discusses results of the sediment PCB 
contamination assessment. Subsection 2 .2 .  2 presents results of 
the heavy metals contamination assessment. Subsection 2 .2 .  3 
outlines the volume for the Hot Spot area and the associated 
mass of PCBs contained within the Hot Spot. 

2.2.1 Estuary PCB Contamination 

Figure 2-1 is a contour map of the PCB sediment contamination in 
the top 12 inches of sediment. PCB contamination is more 
widespread in the upper 12 inches of the sediment than it is at 
other depths. The four separate Hot Spot areas at this depth 
are clearly identified, and comprise a total of 5 acres and 
approximately 8,000 cy of PCB-contaminated sediment in excess of 
the 4,000 ppm action level. 

Sediment PCB concentrations in the 500- to 4,000-ppm range 
surround the Hot Spot and extend northward toward the Wood 
Street Bridge, eastward into the cove area, and southward into 
the estuary. The presence of PCB contamination in these areas 
is attributed to PCB migration from the Hot Spot area due to 
tidal fluctuations and wind-driven currents. Although PCB 
sediment contamination is in excess of 50 ppm throughout most of 
the estuary, concentrations decrease significantly with 
increasing distance from the Hot Spot area. Concentrations in 
the lower reaches of the estuary, near the Coggeshall Street 
Bridge, are generally below 50 ppm. 

PCB contamination in the Upper Es'-u^ry extends into the wetlands 
located on the eastern side of the Acushnet River. However, 
studies completed by the USAGE indicate that these areas 
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continue to function as effective wetlands systems and possess

high resource value (Bellmer, 1989).


Figure 2-3 is an interpretation of sediment PCB contamination in

the 12- to 24-inch depth interval. PCB contamination at this

depth is substantially lower than the surface interval, and the

Hot Spot area has been reduced to the northernmost area. This

area is approximately 1.5 acres comprising approximately 1,600

cy of sediment. Sediment PCB contamination in the 500- to

4,000-ppm range is limited to pockets located in the eastern

cove area, in the area below the larger Hot Spot area, and two

areas located along the western shore. These two areas are

located near combined sewer overflows.


In Figure 2-4 (24-36 inch depth interval), most of the estuary

is below the 50-ppm level, with sediment PCB concentrations

below the detection level in the Lower Estuary. The Hot Spot at

this depth is limited to a small (northernmost) area estimated

to be 0.25 acres with approximately 400 cy of PCB-contaminated

sediment in excess of the 4,000-ppm action level. PCB sampling

conducted below 3 feet in this location indicates that elevated

levels (i.e., 2,010 ppm) of contamination persist to depths of

4.5 feet. An additional area of PCB contamination at this depth

interval is located adjacent to the combined sewer overflow on

the west bank midway down the estuary. Concentrations of PCBs

in the sediment from this area range from 50 to 4,000 ppm.


As illustrated by these maps, the Hot Spot is the area of

greatest sediment PCB contamination and acts as a source of PCB

contamination for the estuary (see Section 2.3). PCB levels

within the Hot Spot area are substantial, with the highest

concentration noted as 249,000 ppm. (This sample was collected

and analyzed by Aerovox.) Figure 2-8 is a detailed map of

sediment PCB distribution in the Hot Spot area for the zero to

12-inch depth interval. This map was developed using the same

data sets and procedures as outlined earlier. This figure

illustrates that the Hot Spot still contains a substantial mass

of PCBs (48 percent) which can continue to act as a source of

PCB contamination for the rest of the estuary (See Section 2.3).


2.2.2 Heavy Metal Contamination Assessment


The contour maps in Figures 2-5 through 2-7 show total metals

(i.e., cadmium, copper, chromium, and lead) concentrations in

sediment at depths of zero to 12 inches, 12 to 24 inches, and 24

to 36 inches. These maps were developed in a manner similar to

the PCB maps from data collected by Battelle and USAGE. Because

there were fewer data points, the sample locations and

associated concentrations were added to these figures. These

four metals were selected based on their prevalence in the

sediment and toxicity to aquatic biota.
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Similar to PCBs, the metals concentrations are greatest in the

top foot of sediment, decreasing with depth. However, the area

of high metal contamination (i.e., greater than 5,000 ppm) in

the estuary is not collocated with the PCB Hot Spot area.

Metals contamination appears to be greatest in the southern cove

area. This area, and the western shore of the estuary, is

heavily industrialized. The location of the high

metal-contaminated sediment appears to correlate with the

location of industrial discharge and/or combined sewer overflow

discharge pipes.


Elevated metal concentrations have been detected in the PCB Hot

Spot area and extend throughout the 36-inch remediation depth.

There are public health risks associated with exposure to these

metals (see Section 3.0); however, they comprise a small

component of the total risk when compared to risks associated

with exposure to PCB-contaminated sediment. The presence of

metals in Hot Spot area sediment is important because many

treatment technologies capable of treating the PCBs are

ineffective for treating metals. For this reason, additional

treatment steps may be required to treat the metals remaining in

the sediment after treatment for PCBs.


2.2.3 Hot Spot Volume


Based on available sediment sampling data, the Hot Spot area

consists of four separate areas, totalling approximately 5 acres

and containing an estimated volume of 10,000 cy of

PCB-contaminated sediment in excess of the 4,000-ppm action

level. These volumes were calculated by multiplying the surface

area of the 4,000 ppm action level contour at each depth by an

assumed vertical extent of contamination of 1 foot. The volumes

associated with the three intervals are:


0-12 inches  8,000 cy 
12-24 inches
24-36 inches

 «
 =

 1,600 cy 
 400 cy 

Total Volume 10,000 cy 

This relatively small volume of highly contaminated PCB sediment

represents 48 percent of the total mass of PCBs in the estuary.


More importantly, tht Hot Spot area accounts for approximately

45 percent of the total mass of PCBs for the entire study area,

which includes the estuary, lower harbor and bay (E.G. Jordan

Co./Ebasco, 1989).


2.3 CONTAMINANT FATE AND TRANSPORT


Figures 2-1, 2-3, and 2-4 show the current extent of PCB

contamination in the estuary based on 1986 sampling data. The
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horizontal and vertical distribution of PCBs within the sediment

shown in these figures is a result of various physical,

chemical, and biological processes that have occurred since PCBs

were originally discharged into the estuary. Since many of

these transport and fate processes are related to the

physiochemical and biological parameters defining this estuary

(i.e., tide, currents, wind, salinity, biota, etc.), they will

continue to influence the spatial distribution of PCBs in

sediment and water. Since the Hot Spot area contains close to

half the total mass of PCBs in the estuary, this area will

continue to act as a source of PCB contamination to the

remainder of the estuary and the lower harbor and bay. This

section describes some of the transport mechanisms responsible

for the continual movement of PCBs within and outside the upper

estuary.


2.3.1 Vertical PCB Transport


The majority of PCB contamination in the estuary is located in

the top foot of sediment, in and around the Hot Spot area. A

comparison of Figure 2-2 with Figures 2-3 and 2-4 shows that the

vertical extent of PCB contamination is less than the horizontal

extent of contamination. PCB contamination at the lower depths

(1 to 4 feet) is limited to areas primarily around the storm

water overflows and combined sewer outfalls discharge pipes.

This contamination at depths greater than 1 foot can be

attributed to turbulence and subsequent mixing and deposition of

contaminants that occurs around discharge areas.


The continual release of PCBs from sediment in the upper estuary

suggests that contaminants migrate vertically within the

sediment bed by some mechanism(s) (Teeter, 1988). Molecular

diffusion of PCBs within the pore water of sediment is one

mechanism of vertical migration and explains the continual

source of PCB contamination on the surface layer of bed

sediment. Bioturbation is another mechanism and results in

mixing of the top layer of sediment, causing vertical migration

of underlying PCB contamination. Another important mechanism of

vertical migration of contaminanted material is the desorption

of PCBs from bed sediment and diffusion into the overlying

water. Once dissolved into the water, PCBs are available for

transport out of the estuary in the water column or from

volatilization into the atmosphere.


Deposition of clean sediment on the surface occurs in the upper

estuary, but the process of vertical transport and bioturbation

results in the mixing of clean sediment with contaminated

material. Examination of sediment core samples from the upper

estuary shows no consistent pattern of sedimentation between

5-7.5 cm and 15-17.5 cm depth (Brown and Wagner, 1986). Other

reports identified PCB concentrations in the surface layers to
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be equal to subsurface concentrations, despite the cessation of

PCB release, continued sedimentation, and PCB losses to the

water column (Brown and Wagner, 1986). Therefore, there is no

basis for expecting that natural deposition of clean sediment

would effectively cover or dilute the contaminated surface

sediment.


The vertical migration of PCBs through volatilization from the

water column or exposed contaminated sediment is a potentially

significant transport mechanism. Once released into the

atmosphere, PCBs may be transported throughout the upper

estuary. Ambient air monitoring for PCBs was performed in the

upper estuary in 1986 (NUS, 1986a). The monitoring locations

and sampling times were selected to characterize PCB

concentrations at high and low tides around the mudflats near

the Aerovox facility. PCB concentrations detected during this

sampling program ranged from 7 ng/m to 471 ng/m . Levels

in excess of the suggested background concentration of 10

ng/m were observed; however, limited conclusions regarding

the significance of these levels could be made due to the

variable meteorological conditions experienced during the

sampling period (NUS, 1986a). Because of the potential for PCB

releases to the atmosphere, air monitoring may be required

during remedial activities.


Vertical transport of PCBs is an important process that allows

contaminated material to migrate within the sediment, including

up to the surface of the sediment bed. Contaminants on the

surface bed sediment can diffuse or partition into the water

column with subsequent volatilization into the atmosphere and

become mobilized for possible horizontal transport out of the

upper estuary (Brownawell, 1986; Brown and Wagner, 1986; and

Teeter, 1988).


2.3.2 Horizontal PCB Transport


The current horizontal extent of PCB contamination is

illustrated in Figure 2-1. Horizontal movement of PCBs

originally discharged into the upper estuary has occurred,

resulting in widespread contamination in this area. The bulk of

horizontal transport is believed to have occurred during the

initial discharge of PCBs into the estuary. PCBs are heavy

oils, insoluble in water that, when released to the estuary in

the form of suspended droplets, move various distances before

sinking into the sediment. The initial depositional pattern and

subsequent horizontal distribution of PCBs would be determined

by the location of the discharge pipes and the state of the tide

(Brown and Wagner, 1986). The current Hot Spot areas correspond

to the locations of the storm water and combined sewer outfall.

Once deposited, other mechanisms may act on the contaminated

sediment altering the areal extent of contamination.
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The horizontal migration of PCBs from contaminated sediment may

result from physical, chemical, and biological processes. As

with vertical migration, PCBs may be released and mobilized into

the overlying water by erosion, desorption, diffusion,

biological action, or particulate exchange mechanism (Teeter,

1988). Studies performed by USAGE indicate that sediment

erosion and redeposition in the upper estuary is a relatively

minor transport process. The USAGE study ^howed that the

estuary is a depositional area for the rest of the harbor, with

suspended materials found to generally migrate from Buzzards Bay

upstream into the estuary (Teeter, 1988). Since the physical

movement of contaminated sediment from one area to another is so

slight in the upper estuary, other mechanisms are thought to be

involved in the horizontal transport of PCBs in the area

(Teeter, 1988; and Brownawell, 1986).


Teeter (1988) evaluated particle exchange as one mechanism

capable of transporting PCBs from contaminated bed sediment.

This process is known to operate in fine, cohesive sediment and

suspensions similar to those found in the upper estuary and Hot

Spot. Teeter's (1988) analysis proposes that particle exchange

could be an important transport mechanism and is considered to

be a process of aggregation and disaggregation of cohesive

particles resulting from collisions at the interface between

suspension and bed sediment layer. PCBs attached to sediment

particles at the surface collide with, and can recombine into,

aggregrates carried by the suspension. The net vertical

transport of contaminants with the sediment from particle

exchange is in the direction of reduced concentrations. The

flux of particle-associated contaminant depends on the mass rate

of particle exchange between bed sediment and suspension, and on

the differences in contaminant concentration between bed and

suspended particles.


Another mechanism for mobilizing and transporting PCBs is

through sorption and desorption of PCBs onto sediment particles

and organic colloidal material (Brownawell, 1986). The

interstitial waters from the organic-rich sediment from the

upper estuary contain high concentrations of colloidal organic

matter (Brownawell, 1986). Brownawell (1986) concluded that

interactions between PCBs and organic colloids will influence

remobilization of these compounds in sediment and affect their

distribution and transport in the water column.


Once in the water column PCBs can be transported out to Buzzards

Bay, readsorbed onto suspended sediment and redeposited within

the harbor area, volatilized into the atmosphere, or taken up

into the food chain by aquatic biota. Modeling studies

performed for the potentially responsible parties have assumed

that diffusion of PCBs from the sediment to the water column is

a principal transport mechanism. Calculations from one study


2-20




indicates that the total PCB flux from the sediment to the

overlying water column was 160.5 and 214 kilograms per year

(kg/yr) (ASA, 1987). The model assumes that the flux of PCBs

from the sediment is primarily controlled by the interstitial

pore water PCB concentrations and the thickness of the diffusive

layer. The continual exchange of cleaner, less PCB-contaminated

water with the contaminated sediment pore water may act to

increase diffusion of PCBs from the pore water to the water

column.


An important consequence of this process is that once in the

water column, PCBs become more bioavailable to aquatic

organisms. Uptake of PCBs from the water can occur across the

epithelial tissues of the gills, lining of the mouth, and

gastrointestinal tract, the sensory organs and even the viscera

if they are directly exposed to the water, as in some molluscs.

Because PCBs are lipophilic and tend to concentrate in the fatty

tissue of aquatic organisms, they may also bioaccumulate and

biomagnify with increasing trophic levels in a food chain.


Since the Hot Spot area contains the highest concentration of

PCBs in the harbor, it is a substantial source of PCBs to the

water column. Water quality sampling by Battelle in 1984 and

1985 supports this hypothesis (Battelle, 1987). Water quality

sampling in 1985 at 17 stations located throughout the estuary,

lower harbor, and bay indicates that the water in the vicinity

of the Hot Spot contained a total average of 13,754 ng/1 of PCBs

when compared to 236 ng/1 for the lower harbor, and 58 ng/1 for

the bay. The particulate and dissolved portion of these samples

documented a similar trend; water column PCBs in the upper

estuary area are greater than any other area by as much as an

order-of-magnitude.


Studies by the USAGE and others have shown that once PCBs are in

the water column of the estuary, there is a mean net seaward

flux of PCBs at the Coggeshall Street bridge ranging from 200 to

600 kg/year (ASA, 1987; and Teeter, 1988). These studies have

been confirmed by the monitoring performed during the pilot

study operation. These studies confirmed the estuary as a

source of PCBs to the lower harbor and bay.


Tidal pumping was determined to be the dominant transport

mechanism for suspended and dissolved material. Tidal pumping

as well as other mechanisms transport PCBs from the Coggeshall

Street bridge through the Hurricane Barrier and out into

Buzzards Bay. A continuous dye release study performed by ASA

(1987) confirmed tidal flushing through the Hurricane Barrier.

The dye study is meant to simulate the release of PCBs in the

water column in the vicinity of the Aerovox facility and

subsequent dispersion with distance from this location. The

latterally and vertically averaged concentration versus distance


2-21




shows a dilution factor of 100 between the discharge point and

the station at the Hurricane Barrier. The flushing time for the

estuary was estimated at 2.4 days (ASA, 1987).


A comparison between the averaged dye concentrations with the

pollutant model dilution curve (based on continuous point

release at the Aerovox facility) and the total average PCB

concentrations obtained from Battelle (1985) data shows the

model does well in reproducing dilution versus distance, except

near the Hurricane Barrier, where modeled concentrations are

lower than observed concentrations. This is ascribed to the

presence of PCBs in the incoming tidal flux (ASA, 1987).

Measurements in this study correlate well with the dye study

performed by Hoff et al. (1972). These dye studies demonstrate

that PCBs (dissolved or particulate) can be transported out of

the Hot Spot area.


A report by Brown and Wagner (1986) estimates that approximately

35 percent of the PCBs originally released into the upper

estuary (Hot Spot) have already traveled through the waters of

the lower estuary and Buzzards Bay to the Atlantic. If this

estimate is correct, approximately 65 percent of the original

PCBs discharged in the upper estuary still remain within the

estuary. These PCBs will continue to act as a source of

contamination for the lower harbor and bay. The Hot Spot area

functions as a substantial source of PCB contamination. The

rate of release of PCBs from sediment is so small compared to

the amount of material present in the Hot Spot, that release of

PCBs will continue.


The transport mechanisms discussed in previous sections describe

processes that have been shown to influence contaminant

migration and distribution in aquatic systems. Most of these

processes are governed by the physical laws showing that

contaminants flow from areas of high concentrations to areas of

low concentrations. Because site-specific data are not

available for the Hot Spot area, it is not possible to determine

the relative contribution of each of these transport mechanisms

on present or futura PCB distribution. Further, it is not

possible to confirm that all of these processes are occurring.

However, it is known that the Hot Spot represents a discrete

area of high PCB contamination. Removing this area will reduce

the total mass of PCBs by approximately 48 percent and will

decrease the mass of material subject to contaminant migration.

Removal and treatment of Hot Spot sediment is the logical first

step in the remediation process for New Bedford Harbor.


2.3.3 Fate of the PCBs in New Bedford Harbor


Photolysis by sunlight, oxidative biodegradation, and biological

uptake are all factors affecting the ultimate fate of PCBs. Of
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these, biological uptake is the greatest concern because of

environmental impacts, public health impacts associated with

ingestion of the contaminated biota, and economic impacts on the

local fishing industry.


Sustained elevated concentrations of PCBs in lobster and several

other species have been documented in fishing closure Area 3

(Figure 1-1) . Monitoring conducted fro.:. 1977 to 1987 indicates

mean PCS concentrations in lobsters have remained relatively

constant, exceeding the 2-ppm FDA tolerance level. The mean PCB

concentration was 3.9 ppm in 1977 (Kolek and Ceurvels, 1981) ;

4.2 ppm in 1985 (Massachusetts Division of Marine Fisheries,

unpublished data); and 5.0 ppm in lobsters collected during 1987

(Pruell et al., 1988). PCB concentrations exceeding the 2-ppm

tolerance level were also observed in winter flounder (Pruell et

al., 1988). Although there are problems in comparing results

from different laboratories, PCB levels in lobsters appear to

have remained relatively constant over the past decade.


Naturally occurring physical and chemical processes such as

hydrolysis and photo-oxidation are not expected to significantly

reduce the volume of PCBs in the Hot Spot area and estuary

sediment. Hydrolysis and photo-oxidation are both recognized as

attenuative processes for PCBs. However, because of the

relatively slow rates at which these processes occur, a

significant reduction in sediment PCB concentrations is not

expected in a timely manner.


In-situ biodegradation of PCBs in aquatic sediment was

investigated as a natural attenuative mechanism. Recent studies

conducted by General Electric on Hudson River sediment suggest

that selective, reductive dechlorination of PCB congeners is

occurring slowly via anaerobic microorganisms (Brown et al.,

1986). However, the bacterial strains capable of degrading the

heavily chlorinated PCB congeners have not been isolated.

Researchers at the USEPA Gulf Breeze Laboratory reviewed Brown's

work and found his conclusions for anaerobic degradation of PCBs

in sediment to be reasonable explanations of the data (EPA,

1988).


There is evidence to suggest that anaerobic degradation of PCBs

is occurring in New 3edford Harbor sediment. Studies conducted

by the EPA Environmental Research Laboratory (ERL) in

Narragansett, Rhode Island, on sediment cores collected from the

pilot dredging study area (with PCB concentrations in the

100-ppm range), suggested that anaerobic dechlorination of PCBs

is not a significant process at this location (Pruell, 1988) .

More recently ongoing studies conducted by EPA-ERL on estuary

sediment samples with PCB concentrations of 500 ppm and higher

suggested that significant reductive dechlorination of highly

chlorinated PCB congeners was occurring in a manner consistent
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with Brown's data supporting anaerobic processes (Pruell,

1989) . These findings suggest that anaerobic degradation of

sediment PCBs may be occurring more readily in highly

contaminated (i.e., greater than 500 ppm) sediment; however,

little or no anaerobic degradation is occurring in sediment with

low (i.e., less than 500 ppm) PCB concentrations. Research

conducted by Brown and Wagner (1986), focused on the comparison

of congener composition in commercial PCB products (e.g.,

Aroclors) with the congener distributions in New Bedford Harbor

sediment as a means of supporting their contention for anaerobic

degradation (Brown and Wagner, 1986). However, it was suggested

that depletion and shifts in congener distributions can also

result from various physical and chemical processes, such as

differential adsorption, volatilization, hydrolysis, and

photo-oxidation (Myers, 1989).


Although biodegradation of PCBs in New Bedford Harbor sediment

appears to be occurring, the studies conducted to date have not

provided sufficient data for a reliable estimation of in-situ

biochemical decay rates or half-lives, as well as the toxicity

of the decay products. This information is crucial in

evaluating the length of time that would be required for removal

of PCBs from the Hot Spot area sediment by natural processes.

Brown suggested that the half-life of anaerobic degradation of

heavily chlorinated PCBs may range from 7 to 50 years (Brown and

Wagner, 1986). Based on Brown's half-life estimate and assuming

first order decay, the time required for biodegradation to

reduce a sediment PCB concentration of 4,000 ppm (the lower

limit of PCB concentration defining the Hot Spot area) to 50 ppm

(TSCA) is approximately 50 to 300 years.
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3.0 SUMMARY OF BASELINE PUBLIC HEALTH AND ENVIRONMENTAL RISK

ASSESSMENT


As part of the New Bedford Harbor Superfund FS, baseline risk

assessments were conducted to identify the public health and

environmental risks associated with contaminant exposure within

the New Bedford Harbor site area. The draft final baseline

public health risk assessment was released in June 1989, and tue

baseline environmental risk assessment is scheduled for

completion in the summer of 1989.


The New Bedford Harbor site area was divided into three areas to

assess the potential for exposure and subsequent public health

and environmental risks. These areas, shown in Figure 3-1, were

defined as follows:


• Area I: The area between the Wood Street and 
Coggeshall Street bridges 

• Area II: The area between the Hurricane Barrier and 
the Coggeshall Street bridge 

• Area III: The area south of the Hurricane Barrier 

For the assessment of risks associated with fish consumption,

fish sampling data from beyond Area III were also included.


The public health and environmental risk assessments are based

on current conditions and will serve as the basis for evaluation

of the no-action remedial alternative. A summary of the

baseline risk assessment follows.


3.1 PUBLIC HEALTH RISK ASSESSMENT


3.1.1 Methodology


The purpose of the baseline public health risk assessment was to

estimate risks to public health under current conditions due to

exposure to PCBs and metals detected in the sediment, surface

water, and biota within the New Bedford Harbor site. In

addition to PCBs, heavy metals (i.e., cadmium, copper, and lead)

were also found in sediment at elevated levels compared to data

gathered in uncontaminated areas. This risk assessment is based

on existing conditions and does not consider potential natural

decrease in contaminant concentrations due to transport and

degradation through time.
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Within Areas I, II, and III, risks were evaluated at specific

locations where activities likely to result in exposure occur

(e.g., swimming, wading, and fishing). For Area I, separate

risk estimates were developed for the cove area and the upper

and lower estuary (Figure 3-2). For Area II, exposure was

evaluated at Popes, Palmer, and Marsh Islands; for Area III, at

the Fort Rodman and Fort Phoenix state beaches. All these

locations have unrestricted1 access and most support recreational

activities.


Based on results of a screening process designed to identify

pathways of exposure at the New Bedford Harbor site, direct

contact and incidental ingestion of shoreline sediment and

ingestion of aquatic biota were selected as the exposure

pathways of primary concern (E.G. Jordan Co./Ebasco, 1989).


Screening results showed that under worst-case conditions,

exposure to PCBs and metals in the surface water does not result

in significant contaminant exposure; therefore, this pathway was

not evaluated further in the risk assessment. Limited data were

available to assess risks associated with inhalation exposure to

PCBs.


Noncarcinogenic and carcinogenic risks were evaluated in the

baseline risk assessment. Noncarcinogenic risk estimates were

developed to assess the toxicity from exposure to PCBs, cadmium,

copper, and lead. These estimates were generated by comparing

the chronic daily intake of a contaminant (CDI) to the most

applicable health-based standard or reference dose (RfD) . The

ratio of these values (CDI/RfD) was used to evaluate risk. In

this report, this ratio is referred to as the risk ratio.


Generally, EPA states that if the ratio is less than 1, the

predicted body dose level is anticipated to be without lifetime

risk to human health (EPA, 1986). For example, a value of 0.25

implies that a person is receiving an estimated average daily

dose equal to 25 percent of the acceptable intake of that

contaminant. If the ratio exceeds 1, the estimated average

daily dose levels exceed a level considered safe; therefore, the

exposure could potentially result in adverse health effects.


Carcinogenic risk estimates for PCBs (classified by EPA as a

probable human carcinogen) were calculated by multiplying the

potency factor for PCBs (expressed as (mg/kg-day) ~ ) by the

estimated body dose (expressed as mg/kg-day) of PCBs. The

product of these two values is an estimate of the incremental

lifetime cancer risk, which is defined as the excess probability

that an individual will develop cancer over a lifetime.


EPA guidance states that the target total carcinogenic risk for

an individual resulting_from exposure at a Super fund site may

range from 10 to 10 . Response objectives and remedial
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alternatives are developed to reduce total carcinogenic risks to

levels within this range.


In addition to EPA guidance on evaluating health risks at

Superfund sites, the Commonwealth of Massachusetts has issued

regulations in the Massachusetts Contingency Plan (MCP) that are

applicable to the site. As stated in the MCP, the total site

cancer risk-should be compared to a cancer risk limit of 1 in

100,000 (10~ ). The total site noncarcinogenic risk should be

compared to a risk limit represented by a hazard index equal to

0.2. (A hazard index for a particular exposure pathway is equal

to the sum of the risk ratios estimated for individual

chemicals.)


The risk estimates generated in the baseline risk assessment

were evaluated using the EPA guidance levels and MCP criteria.


3.1.2 Results of Baseline Public Health Risk Assessment


Numerous risk estimates were developed as part of the baseline

risk assessment. Because the concentrations of contaminants and

the potential for exposure varies greatly by location within the

New Bedford Harbor site, separate risk estimates were generated

for the three areas shown in Figure 3-1, as well as the specific

locations within a given area (See Figure 3-2). The major

findings of the baseline risk assessment are discussed in the

following subsections.


3.1.2.1 Sediment


Area I. Exposure to sediment by direct contact and incidental

ingest ion in Area I was considered likely based on the ease of

access to the shoreline, the large mudflat areas suitable for

clamming, and the high population density around this area.

Exposure to all subpopulations (children, older children, and

adults) was evaluated. Children, ages 0-6, were considered to

be at greater risk to PCB exposure than older children and

adults. This is due, in part, to the fact that children engage

in more activities that could result in contaminant exposure.


Because of the wide range of contaminant concentrations detected

in shoreline sediment from this area, separate evaluations were

made for the upper and lower halves of the estuary and the cove

area (see Figure 3-2) .


The majority of carcinogenic and noncarcinogenic risk estimates

calculated, based on exposure to PCBs in sediment from these

three areas, exceeded levels of risk considered to be of

potential concern under current EPA and state guidance. A

summary of the risk estimates based on a child's exposure to

shoreline sediment appears in Table 3-1.
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SUMMARY OF RISK ESTIMATES BASED ON A CHILD'S EXPOSURE TO 
PCB-CONTAMINATED SEDIMENT IN AREA I 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

LOCATION NONCARCINOGENIC RISKS CARCINOGENIC RISKS 
BASED ON CHRONIC EXPOSURE TO BASED ON CHRONIC EXPOSURE TO 

MEAN CONCENTRATION MAXIMUM CONCENTRATION MEAN CONCENTRATION MAXIMUM CONCENTRATION 

Direct Contact Exposure 

Area I : 

Upper Estuary 0.3 93 3xlO-4 3xlO-2 

Lower Estuary 0.1 6 IxlO-4 2xlO-3 

Cove Area 0.2 6 2xlO-4 2xlO-3 

Hot Spot 3.2 490 3xlO-3 2X10-1 

Ingestion Exposure 

Area I : 

Upper Estuary 0.5 170 3xlO-5 IxlO-2 

Lower Estuary 0.2 11 IxlO-5 6xlO-4 

Cove Area 0.4 11 2xlO-5 6xlO-4 

Hot Spot 5.6 950 3xlO-4 SxlO-2 

5.89.18

0006.0.0
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(continued)


SUMMARY OF RISK ESTIMATES BASED ON A CHILD'S EXPOSURE TO

PCB-CONTAMINATED SEDIMENT IN AREA I


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


LOCATION NONCARCINOGENIC RISKS CARCINOGENIC RISKS

BASED ON CHRONIC EXPOSURE TO BASED ON CHRONIC EXPOSURE TO


MEAN CONCENTRATION MAXIMUM CONCENTRATION MEAN CONCENTRATION MAXIMUM CONCENTRATION


Multi Media Exposure (concurrent exposure via direct contact with and ingestion of sediment)


Area I: 

Upper Estuary 0.8 260 3xlO-4 4xlO-4 

Lower Estuary 0.3 17 IxlO-4 3xlO-3 

Cove Area 0.6 17 2xlO-4 3xlO-3 

Hot Spot 8.8 1,440 3xlO-3 IxlO-1 

NOTE: The exposure scenarios for Mean Concentration assumes 1 exposure per 365 days. This is representative of an

acute duration versus a chronic exposure duration.


5.89.18

0006.1.0




Noncarcinogenic risks associated with exposure to metals in the

sediment of Area I were not significant.


Area II. A majority of the shoreline in Area II is not readily

accessible. Private property abutting the shoreline is fenced

off and much of the land use is classified as industrial.

However, three locations within this area are accessible and

support recreational land uses: P.pes Island, Marsh Island, and

Palmer Island.


The PCS concentration in shoreline sediment was lowest for the

Palmer Island area (mean 3 ppm; maximum 11 ppm) than for Marsh

Island (mean 8 ppm; maximum 22 ppm) or Popes Island (mean 11

ppm; maximum 34 ppm). The incremental carcinogenic risks

associated with contaminant exposure were greatest for children

and older children. A summary of the risks associated with

exposure in these three areas appears in Table 3-2.


Noncarcinogenic risks associated with exposure to metals were

not significant.


Area III. Direct contact exposure to PCBs in sediment in Area

III was assessed for the Fort Rodman (mean 2.1 ppm; maximum PCS

7.1 ppm) and Fort Phoenix (mean 0.6 ppm; maximum 0.8 ppm) state

park beach areas. Risk estimates based on exposure to these

concentrations fell below or within the target range (2x10

to 3xlO~ ). Noncarcinogenic risks associated with metals

exposure were not considered to present a public health risk.

Therefore, it was concluded that exposure to sediment in these

areas does not pose a public health risk under current exposure

conditions.


3.1.2.2 Biota


Exposure to PCBs through ingestion of biota was assessed based

on concentrations detected in lobster, winter flounder, and

clams. These species were considered representative of the

biota most commonly consumed in the New Bedford Harbor area.

Edible-tissue PCB concentrations were used when available. The

range of PCB concentrations evaluated in this risk assessment

was 0.039 to 2.7 ppm (Battelle, 1989). Exposure frequencies of

one fish meal per day, per week, and per month were assumed. A

fish meal was considered to be an 8-ounce (227 grams) portion

for older children and adults, and 4-ounce (115 grams) portion

for younger children.


The risks from exposure to contaminants via ingestion of biota

was greatest for children. Both noncarcinogenic and

carcinogenic risk estimates in excess of EPA and state criteria

were observed. The noncarcinogenic risk estimates for a child

based on weekly ingestion of biota, and concurrent exposure to

the mean PCB and metals concentrations detected in the three
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TABLE 3-2


SUMMARY OF RISK ESTIMATES BASED ON A CHILD'S EXPOSURE TO

PCB-CONTAMINATED SEDIMENT IN AREA II


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


LOCATION NONCARCINOGENIC RISKS CARCINOGENIC RISKS 
BASED ON CHRONIC EXPOSURE TO BASED ON CHRONIC EXPOSURE TO 

MEAN CONCENTRATION MAXIMUM CONCENTRATION MEAN CONCENTRATION MAXIMUM CONCENTRATION 

Direct Contact Exposure


Area II:


Palmer Island 0.04 0.8 2xlO-6 4xlO-5


Marsh Island 0.1 1.6 6xlO-6 9xlO-5


Popes Island 0.1 2.5 8xlO-6 IxlO-4


Ingestion Exposure


Area II:


Palmer Island 0.08 1 4xlO-6 ExlO-5


Marsh Island 0.2 3 IxlO-5 2xlO-4


Popes Island 0.3 5 2xlO-5 2xlO-4


Multi Media Exposure (concurrent exposure via direct contact with and ingestion of sediment)


Area II: 

Palmer Island 0.12 1.8 6xlO-6 IxlO-4 

Popes Island 0.3 4.6 IxlO-5 2xlO-4 

Marsh Island 0.4 7.5 3xlO-5 3xlO-4 

5.89.18 
0007.0.0 



species ranged from 4.4 to 28. This range increased to 14 to 85

when assuming exposure to the maximum contaminant concentration

detected in each species. The carcinogenic risk estimates_jfor a

child (chronic exposurej- ranges from lxlO~ to. 2xlO~ for

Area I; 4x10 to 8x10 for Area II; 3x10 to 5x10

for Area III, and 8xlO~b to 2x10"-* for Area IV.


3.1.3 Public Health Risks Associated with Hot Spot £reas


As discussed previously/ the baseline risk assessment focused on

locations within Area I where, based on land use patterns, it

appeared that the potential for exposure was highest. These

locations included the cove area and the areas designated as the

upper and lower estuaries (See Figure 3-2). Additional

locations within the Hot Spot area that are adjacent to the

shoreline also present the potential for exposure and were also

evaluated. In particular, two locations at the northern end of

the estuary in the Hot Spot area contain high concentrations of

PCBs in sediment (i.e., 4,040 and 37,334 ppm), and are

accessible to both children and adults.


Incremental carcinogenic risks associated with direct contact to

this sediment exceed the EPA target range. Assuming exposure to

sediment containing 4,040 ppm PCBs, the risks range from

3xlO~ to 1x10 under average and conservative exposure

conditions, respectively. At 37,334 ppm PCBs, the estimated

cancer risks range from 3x10 to 1x10 . On average, these

estimated risks represent an increase of one to two orders of

magnitude over risks predicted for the cove area and upper and

lower estuary areas of Area I.


Based on the direct contact hazard presented by the highly

contaminated sediment in the Hot Spot area, significant public

health risks would be expected under the assumed conditions of

exposure.


3.2 ECOLOGICAL RISK ASSESSMENT


3.2.1 Me thodo1 ocrv


The ecological risk assessment for the New Bedford Harbor site

examined potential risks to marine biota due to exposure to PCS

contamination in harbor sediment and in the water column. The

focus of this document concerns the effects of PCB contamination

in the Hot Spot area of the upper estuary.


Thirty-three species were identified as aquatic receptors in the

harbor. These species were considered representative of the

range of organisms in New Bedford Harbor and included species

from each major trophic level. Routes of exposure considered in

the assessment included direct contact with water and sediment

and ingestion of contaminated food. EPA Ambient Water Quality


3-10




Criteria (AWQC), laboratory-derived toxicity data, and

site-specific toxicity data (when available) were used in the

risk assessment.


Exposure to contaminated sediment and contaminants in the water

column was evaluated separately for each of the five harbor

areas (i.e., Zones 1 through 5), as well as the Hot Spot,

specifically. The area boundaries correspond to those in the

Battelle chemical/physical transport model (Figure 3-3).

Potential ecological risks were evaluated by comparing the mean

and maximum contaminant concentrations in these zones to

site-specific toxicity data and EPA criteria values. In

addition, a joint probability analysis was perfromed to quantify

the probability that organisms in a particular area of the

harbor would encounter PCB levels known to result in

toxicological effects. The basis for this evaluation was the

construction of two distributions representing the environmental

concentrations of PCBs in a particular group of organisms. The

statistical comparison of these two distributions permit the

generation of probabilities that the toxicological benchmarks

would be expected to be exceeded in a particular area.


Body burden of PCBs was evaluated for these same five zones by

comparing tissue concentrations in biota with species-specific

toxicity data.


3.2.2 Results of Environmental Baseline Assessment


Aquatic organisms (and especially marine fish) are at risk due

to exposure to water-borne PCBs in New Bedford Harbor. The mean

PCB concentrations in the Hot Spot and Zones 1 through 4 exceed

the chronic AWQC, suggesting that exposure of aquatic organisms

to PCBs in the water from these areas may result in residue

levels which are above FDA tolerance limit for human

consumption. In addition, the results of the joint probability

analysis indicate that there is a significant likelihood that

chronic toxicological effects will be realized in at least some

species inhabiting the harbor. These risks are most severe in

Zones 1 and 2 and the Hot Spot, but potential risk is evident

for all zones within the Hurricane Barrier.


Pore-water PCB concentrations in sediment are highly toxic to at

least some members of all major taxonomic groups occurring in

New Bedford Harbor. In the upper estuary area, the likelihood

that chronic effects would be observed in a typical marine fish

species exposed to PCBs in pore-water is approximately 100

percent, and risk is substantial for mollusks and crustaceans as

well. The risk probabilities for all groups decline toward the

outer harbor, but marine fish may still be substantially

impacted in Zone 5. The Sediment Quality Criterion (SQC),

carbon-normalized to 1 percent total organic carbon, is exceeded

in Zones 1 and 2. Finally, the results of various sediment
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bioassays support the conclusions based on laboratory-generated

toxicological data, and SQC comparisons. Sediment from the

inner harbor has been demonstrated to be toxic to both benthic

invertebrates and fish, and the degree of toxicity is correlated

with test sediment PCB levels. Mortality rates greater than 90

percent were observed in amphipods exposed to sediment from

Zones 1 and 2. Fish demonstrated increased mortality when

exposed to sedimert from the inner harbor. No significant

effects were observed with sheepshead minnows or amphipods

exposed to sediment containing up to 10 ppm PCBs.


PCB body burdens in winter flounder from all areas of the harbor

were found to exceed levels determined by Black and Capuzzo to

correlate with reproductive effects or growth rate reductions

(Black, 1986; and Capuzzo, 1986) . These effects in winter

flounder were found to occur at organ-specific concentrations as

low as 0.1 ppm; maximum whole body PCB concentrations in New

Bedford were up to 8.2 ppm in Zones 1 and 2.


Based on evaluations of species-specific effects due to PCB

contamination, it is probable that the structure and function of

the New Bedford Harbor ecosystem have been impacted by PCB

contamination. Levels of PCBs, particularly in Zones 1 and 2,

are sufficient to result in mortality, decreased reproduction,

and decreased food resources to high trophic levels. A study of

benthic populations in the harbor indicated impaired community

structure in the upper estuary (USAGE, 1986), and toxicity tests

conducted by EPA (Hansen, 1986) have demonstrated the toxicity

of sediment from this area to amphipod crustaceans, an important

component of estuarine communities.


3.2.3 Ecological frisks Associated With the Hot Spot Area


The Hot Spot area in Zone 1 represents a major source of PCB

contamination in the upper estuary. As discussed in Section

2.0, PCB concentrations in the water column in the vicinity of

the Hot Spot area are the highest recorded in the harbor, and

decrease consistently with distance from the Hot Spot area.

These observations indicate that PCBs are desorbed from the Hot

Spot sediment and/or resuspended with the sediment, thereby

becoming available for transport throughout the upper estuary

and then to the lower harbor and bay.


Potential routes of exposure for organisms occurring in

proximity to the Hot Spot are as described previously: direct

contact with sediment, through contact with contaminants in the

water column, and via ingestion of contaminated food. Due to

high contaminant levels present in Hot Spot surface sediment,

benthic and demersal organisms are precluded from living in the

area. This loss of habitat is potentially significant and may

be compared to the total estuarine habitat available in the

area. As a loss to the system, it is less significant than
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potential effects due to transport of PCBs from the Hot Spot to

the remainder of the harbor.


Ecological risks due to transport of PCBs from the Hot Spot

sediment are a function of the amount of sediment exposed and

the extent of contamination in the sediment. Although the Hot

Spot area represents a relatively small percentage of sediment

in the upper estuary, the elevated levels influence the patterns

of water column contamination in the area. As such, the Hot

Spot area represents the source of a significant fraction

(approximately 48 percent) of the total PCS mass in the upper

estuary.


Risk to aquatic organisms is a probabilistic function of the

areal distribution of contaminant levels and the effect of a

given level on the target species. Because the latter is a

constant for a given contaminant in a given system, any increase

in the total amount of PCBs in the system directly increases the

areal extent of contamination, thereby resulting in an increase

in the probability of deleterious effects on resident

organisms. Patterns of contamination in the estuary are

sufficient to indicate that the Hot Spot area is of major

importance in affecting the overall contamination in the area.

Accordingly, the extent of PCB contamination in the Hot Spot is

an important variable to control with respect to environmental

risk in the New Bedford Harbor system.
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4.0 IDENTIFICATION OF REMEDIAL ACTION OBJECTIVES. APPLICABLE

OR RELEVANT AND APPROPRIATE REQUIREMENTS. AND GENERAL

RESPONSE ACTIONS


Remedial action objectives s*rve as guidel ine s in the 
development of alternatives for remediation. The remedial 
action objectives specify the contaminants and media of 
interest, exposure pathways, and preliminary remediation goals. 

The potential applicable or relevan t and appropr ia t  e 
requirements (ARARs) and the remedial action objectives for the 
Hot Spot area are in Sections 4.2 and 4.3, respectively. These 
objectives are subsequently used to develop general response 
actions (Section 4 . 4  ) that will formulate the basis for the 
selection of technologies (See Section 5.0), and the development 
and evaluation of alternatives for remediation of the Hot Spot 
area (See Sections 6.0 and 7 .0)  . 

4.1 INTRODUCTION


Prior to SARA'S enactment on October 17, 1986, remedial actions

taken in response to releases of hazardous substances were

conducted in accordance with the revised NCP (40 CFR Part 300)

dated November 20, 1985. While the existing NCP and the

standards and procedures established by SARA overlap in many

areas, there are differences between the two. Section 121 of

SARA, for example, added new clean-up objectives to CERCLA. In

the interim, until the proposed NCP becomes final, the

procedures and standards employed by the EPA in responding to

releases of hazardous substances, pollutants, and contaminants

are to comply with Section 121 of SARA and, to the maximum

extent practicable, the proposed NCP.


SARA retained -the original CERCLA mandate to conduct protective

and cost-effective remedial actions. Remedial actions, as

defined by 300.68(a)(l) of the NCP, are those responses to

releases that are consistent with a permanent remedy to protect

against or minimize release of hazardous substances, pollutants,

or contaminants so that they do not migrate to cause substantial

danger to present or future public health and welfare or the

environment.


In formulating a remedy, CERCLA now requires EPA to emphasize

risk reduction through destruction or treatment of hazardous

waste. Section 121 of SARA establishes a statutory preference

for remedies that permanently and significantly reduce the

mobility, toxicity, or volume of hazardous waste over remedies

that do not use such treatment. Section 121 also requires EPA

to select a remedy that is protective of public health and the

environment, is cost-effective, and utilizes permanent solutions

and alternative treatment technologies to the maximum extent
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practicable. Furthermore, Section 121 requires that, upon 
completion, remedies must attain ARARs unless specified waivers 
are granted. 

Section 300.68 of the NCP, in conjunction with EPA guidance on 
conducting FSs (SPA, 1988), sets forth the remedial alternative 
development and evaluation process. This process consists of 
the following steps: 

• Identify the nature and extent of contamination and 
threat presented by the release (300.68[e][2]) . 

• Identify general response objectives for site 
remediation. 

• Identify and screen remedial technologies potentially 
applicable to wastes and site conditions. 

• Develop alternatives to achieve site-specific 
response objectives ( 3 0 0 . 6 8 [ f ] )  . 

• Conduc  t ini t ial s c reen in  g of a l ternat ives 
( 3 0 0 . 6 8 [ f ] )  . 

• Conduct detailed ana ly s i  s of a l t e rna t i ve  s 
( 3 0 0 . 6 8 [ g ] )  . 

An overview of the FS process for the New Bedford Harbor 
Superfund site is illustrated in Figure 4-1. 

As an initial step, both CERCLA and the NCP require the 
identification of the nature and extent of site contamination. 
The nature and distribution of contamination and the threat 
posed by the release of contaminants from the Hot Spot area are 
discussed in Sections 2.0 and 3.0. Beyond initial site 
characterization, Section 121 of SARA retains the basic 
framework for the remedial alternatives development and remedy 
selection process enacted through NCP; however, each phase must 
be modified to reflect the provisions of SARA. 

4.2 SITE-SPECIFIC ARARs 

Section 121(d) of SARA and the NCP (40 CFR Part 300; November 
20, 1985) require that CERCLA remedial actions comply with all 
federal ARARs. State requirements must also be attained under 
Section 121 (d) (2) (c) of SARA, if they are legally enforceable 
and consistently enforced statewide. ARARs are used to 
determine the appropriate extent of site cleanup, scope and 
formulate remedial action alternatives, and to govern the 
implementation and operation of the selected action. According 
to SARA, requirements may be waived by EPA under six specific 
conditions, provided protection of public health and the 

4-2 



FS PHASE I' FS PHASE II' FS PHASE


i r i r 
COMBINING 

IDENTIFY INITIAL DETAILED 
RANGE 

IDENTIFY INITIAL DETAILED CLEAN-UP 
SCREENING EVALUATION 

OF 
POTENTIAL SCREENING SCREENING TECHNOLOGIES OF OF 
CLEAN-UP OF OF INTO 

CLEAN-UP REMEDIAL REMEDIAL REMEDIAL 
ACTIONS 

TECHNOLOGIES TECHNOLOGIES TECHNOLOGIES ALTERNATIVES ALTERNATIVES ALTERNATIVES 

FIGURE 4-1 
OVERVIEW OF THE FS PROCESS

HOT SPOT FEASIBILITY STUDY


NEW BEDFORD HARBOR


* EPA OSWER DIRECTIVE OCTOBER, 1988: 
GUIDANCE FOR CONDUCTING REMEDIAL 
INVESTIGATION AND FEASIBILITY STUDIES 
UNDER CERCLA 

4959-22 



makes good sense. During the FS process, relevant and 
appropriate requirements are intended to have the same weight 
and consideration as applicable requirements. 

The term "relevant" was included so that a requirement initially 
screened as non-applicable because of jurisdictional 
restrictions would be reconsidered and, if appropriate, included 
as an ARAR for the site. For example, MCLs would be a 
non-applicable, but relevant and appropriate for a site that 
exhibited groundwater contamination in a potential (as opposed 
to an actual) drinking water source. 

Other Requirements to be Considered. A third category of 
r e q u i r e m e n t  s to be considered is federa  l and state 
non-regulatory requirements (e .g .  , guidance documents or 
criteria) . Nonpromulgated advisories or guidance documents do 
not have the status of ARARs. However, where there are no 
specific ARARs for a chemical or situation, or where such ARARs 
are not sufficient to be protective, guidance or advisories 
should be identified and used to ensure that a remedy is 
protective. 

4.2.2 Development of ARARs 

Under the description of ARARs set forth in the NCP and SARA, 
many federal and state environmental requirements must be 
considered. These requirements include ARARs that are: 

• chemical-specific (i.e., govern the extent of site 
cleanup) 

• location-specific (i.e., pertain to existing site 
features) 

• action-specific (i.e., pertain to proposed site 
remedies and govern implementation of the selected 
site remedy) 

Chemical-specific ARARs govern the extent of site cleanup and 
provide either actual clean-up levels or a basis for calculating 
such levels. For instance, surface water criteria and 
standards, as well as air standards, provide necessary clean-up 
goals for the Hot Spot FS. Chemical-specific ARARs are also 
used to indicate acceptable levels of discharge to determine 
treatment and disposal requirements, and to assess the 
effectiveness of remedial alternatives. 

Location-specific ARARs govern natural site features such as 
wetlands and floodplains, as well as manmade features including 
existing landfil ls  , disposal areas, and local historic 
buildings. Location-specific ARARs are generally restrictions 
on the concentration of hazardous substances or the conduct of 
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activities solely becaus e of the s i te '  s p a r t i c u l a  r 
characteristics or location. These ARARs provide a basis for 
assessing existing site conditions and subsequently aid in 
assessing potential remedial alternatives. For the Hot Spot FS, 
location-specific ARARs that pertain to the wetland and 
floodplain areas will be considered. 

Action-specific ARARs are usually technology- or activity-based 
limitations that control actions at CERCLA sites. Afte  r 
remedial alternatives are developed, action-specific ARARs 
pertaining to proposed site remedies provide a basis for 
assessing the feasibility and effectiveness of the remedies. 
For example, these action-specific ARARs may include hazardous 
waste transportation and handling requirements, air and water 
emissions standards, and the Resource Conservation
Act (RCRA) landfilling and treatment requirements. 

 and Recovery 

4.2.3 Identification of ARARs 

A separate document has been published for the
Harbor site that has identified the potential

 New Bedford 
 chemical-, 

location-, and action-specific ARARs. This document, Regulation 
Assessment for New Bedford Harbor (E.G. Jordan Co./Ebasco, 
1988) , identifies both federal and state ARARs and provides a 
written summary of the procedural and technical requirements of 
these regulations. In this section, ARARs pertinent to the Hot 
Spot area will be summarized. 

Tables 4-1, 4-2, and 4-3 present the potential chemical-, 
location-, and action-specific ARARs, respectively. To be 
consistent with the NCP definition of ARARs and changes made by 
SARA, each table has been subdivided as follows: 

• federal requirements


• Massachusetts requirements


• federal criteria, advisories, and guidance documents


• Massachusetts criteria, advisories, and guidance

documents


4.2.4 Attainment of ARARS Purina the Hot Spot Remedial Action


Attainment of ARARs may not be required when the remedial

actions to be performed are an interim measure. An interim

measure can apply to actions addressing imminent threats to

public health and the environment, as well as sites where a

final remedy is divided into a number of steps, as is the case

of New Bedford Harbor. An interim measure need not achieve

final site clean-up levels if it is to be followed by complete

measures that will attain ARARs.
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MEDIUM/AUTHORITY


Surface Water


Federal

Regulatory

Requirements


State Regulatory

Requirements


Federal Criteria,

Advisories, and

Guidance


Air


Federal Regulatory

Requirements


State Regulatory

Requirements


Federal Criteria,

Advisories, and

Guidance


ItnilAL Mm uni co, ANl


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


REQUIREMENT STATUS REQUIREMENT SYNOPSIS


Federal Food, Drug and Applicable This act sets forth FDA limit of 2 ppm for

Cosmetic Act PCB concentrations in commercial fish and


shellfish.


DEQE - Massachusetts Applicable DEQE surface water quality standards

Surface Water Quality incorporate the federal AWQC as

Standards (310 CMR A.00) standards for surface waters of the


state.


Federal Ambient'Water Applicable Federal AWQC are health-based criteria

Quality Criteria (AWQC) that have been developed for 95


carcinogenic and noncarcinogenic

compounds.


CAA - National Ambient Air Relevant and These standards were primarily developed

Quality Standards (NAAQS) - Appropriate to regulate stack and automobile emissions.

40 CFR 40.


DEQE - Air Quality, Air Relevant and These standards were primarily developed

Pollution (310 CMR 6.00 - Appropriate to regulate stack and automobile emissions.

8.00).


Threshold Limit Value To be These standards were issued as consensus

(TLV) Considered standards for controlling air quality in


workplace environments.


CONSIDERATION IN THE RI/FS


This level will be used as an ultimate clean-up

level to which alternatives will be evaluated.


AWQC applicable to the Hot Spot area are as

follows:

PCBs - 10 ppb (acute effects on aquatic life)


- .03 ppb (chronic effects on aquatic life)

Cadmium - 43 ppb (acute effects)


9.9 ppb (chronic effects)

Copper - 2.9 ppb (acute effects)


2.9 ppb (chronic effects)

Lead - 140 ppb (acute effects)


- 5.6 ppb (chronic effects)


AWQC are incorporated into mass DEQE standards

as discussed above The PCB criterion is

based on the old 5 ppm FDA standard. Clean-up

targets may be modified to reflect current

guidance levels which are lower.


Standards for particulate matter will be

used when assessing excavation and emission

controls for sediment treatments.


Alternatives involving excavation, air and

emission controls for sediment treatments will

be compared against these standards.


TLVs could be used for assessing site inhalation

risks for soil removal operations.
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'OTENTIALL LOCAT10N-SP1
POTENTIA  LOCATION-SPECIFIC ARARS AN? CRITERll, ADVISORIES, AND GUIDANCE FOR THE


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION IN THE RI/FS


Wetlands/Floodplains

Federal Regulatory Clean Water Act (CWA) Applicable Under this requirement, no activity that During the identification, screening, and

Requirements 40 CFR Part 404 adversely affects a wetland shall be evaluation of alternatives, the effects on


permitted if a practicable alternative wetlands are evaluated. Effluent levels

that has less effect is available. If will be used as guidance levels to which

there is no other practical alternative, alternatives will be evaluated.

impacts must be mitigated. Section 307,

effluent standards of 1 ppb concentration

of PCB, is incorporated into this section

by reference. The 1 ppb effluent

discharge standard is to be considered

for guidance levels.


RCRA Location Standards Relevant This regulation outlines the requirements A facility located on a 100-year floodplain must be

(40 CFR 264.18) and for constructing a RCRA facility on a100- designed, constructed, operated, and maintained to


Appropriate year floodplain. prevent washout of any hazardous waste by a 100

year flood, unless waste may be removed safely

before floodwater can reach the facility or no

adverse effects on human health and the environ

ment would result if washout occurred.


State Regulatory DEQE  Wetlands Protection Applicable These regulations are promulgated under If alternatives involve removing, filling, 
Requirements (310 CMR 10.00) Wetlands Protection Laws, which regulate dredging, or altering a DEQE-defined wetland, a 

dredging, filling, altering, or polluting Notice of Intent must be filed with the DEQE. If 
inland wetlands. Work within 100 feet of work is conducted within 100 feet of a wetland, a 
a wetland is regulated under this require- request for a Determination Applicability must be 
ment. The requirement also defines wetlands filed. Any person who files a Notice of Intent 
based on vegetation type and requires that must demonstrate that the area is not significant 
effects on wetlands be mitigated. to the wetland or that the proposed work will 

contribute to the protection of the wetland. 

Federal Nonregulatory Wetlands Executive Order To be Under this regulation, federal agencies Remedial alternatives that involve construction 
Requirements to be (EO 11990) Considered are required to minimize the destruction must include all practicable means of minimizing 
Considered loss or degradation of wetlands, and harm to wetlands. Wetlands protection considera

preserve and enhance natural and tions must be incorporated into the planning and 
beneficial values of wetlands. decision-making about remedial alternatives. 
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POTENTIAL LOCATION-SPECIFIC ARARS AND CRITERIA, ADVISORIES, AND GUIDANCE FOR THE


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION IN THE RI/FS 

Wetlands/Floodplains 
Federal Nonregulatory Floodplains Executive To be Federal agencies are required to reduce The potential effects of any action must be 
Requirements to be Order (EO 11988) Considered the risk of flood loss, to minimize evaluated to ensure that the planning and 
Considered impact of floods, and to restore and decision-making reflect consideration of flood 
(continued) preserve the natural and beneficial hazards and floodplain management, including 

value of floodplains. restoration and preservation of natural 
undeveloped floodplains. 

0002.1.0
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TABLE 5-2 
(continued) 

CONTAMINANT RELEASE ESTIMATES 
DREDGING HOT SPOT SEDIMENT 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

PARAMETER DESCRIPTION UNITS PCB Cd Cu Pb 

Contaminant flux at dredge, kg/day 0.38 0.00 0.03 0.010 
dissolved 

Total contaminant flux at kg/ day 2.00 0.01 0.35 0.024 
dredge 

TSS escaping bridge fraction 0.32 0.32 0.32 0.32 
(% fines=6l, % escapes=52) 

TSS escaping bridge kg/day 92 92 92 92 

Contaminant flux at bridge kg/day 0.52 0.0021 0.093 0.0043 
with TSS 

Contaminant flux at bridge, kg/day 0.12 0.0016 0.011 0.0031 
dissolved 

Total contaminant flux at kg/day 0.64 0.0037 0.10 0.0074 
bridge 

Contaminant flux at bridge kg/ day 1 0.0004 0.02 0.009 
with TSS (2X safety) 

Contaminant flux at bridge, kg/day 0.02 0.003 0.02 0.006 
dissolved (2X safety) 

Total contaminant flux at kg/ day 1.0 0.01 0.02 0.01 
bridge (2X safety) 

Contaminant flux at bridge kg/cu m 0.01 0.00004 0.002 0.00008 
with TSS (2X safety) 

Contaminant flux at bridge kg/cu m 0.002 0.00003 0.0002 0.00006 
dissolved (2X safety) 

Total contaminant flux at kg/cu m 0.01 0.00007 0.002 0.0001 
bridge (2X safety) 
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POTENTIAL ACTK)N--SPECmc ARARs FOR THE


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


ARARs


RCRA - General Facility Standards

(40 CFR 264.10 - 264.18)


RCRA - Preparedness and Prevent

ion (40 CFR 264.30 - 264.31)


RCRA - Contingency Plan and

Emergency Procedures (40 CFR

264.50 - 264.56)


RCRA - Releases from Solid Waste

Management Units (40 CFR 264.90 -

264.109)


RCRA - Closure and Post-closure

(40 CFR 264.110 - 264.120)


RCRA - Surface Impoundments

Items (40 CFR 264.220 - 264.249)


RCRA - Waste Piles

(40 CFR 264.250 - 264.269)


RCRA - Landfills (40 CFR 264.300

264.339)


REQUIREMENT SYNOPSIS


General facility requirements outline general waste

analysis, security measures, inspections, and train

ing requirements.


This regulation outlines requirements for safety

equipment and spill control.


This regulation outlines the requirements for

emergency procedures to be used following

explosions, fires, etc.


This regulation details requirements for a ground

vater monitoring program to be installed at the site.


This regulation details specific requirements for

closure and post-closure of hazardous waste facilities.


This regulation details the design, construction,

operation, monitoring, inspection, and contingency

plans for a RCRA surface impoundment. Also

provides three closure options for CERCLA sites;

Clean closure, containment closure, and alternate

closure.


Details procedures, operating requirements, and closure

and post-closure options for waste piles. If removal

or decontamination of all contaminated subsoils is

not possible, closure and post-closure requirements

for landfills must be attained.


This regulation details the design, operation,

monitoring, inspection, recordkeeping, closure,

and permit requirements for a RCRA landfill.


ACTION TO BE TAKEN TO ATTAIN ARARs


Any facilities will be constructed, fenced, posted, and

operated in accordance with this requirement. All workers

will be properly trained. Process wastes will be evaluated

for the characteristics of hazardous wastes to assess

further landing requirements.


Safety and communication equipment will be installed at the

site; local authorities will be familiarized with site

operations.


Plans will be developed and implemented during site work

including installation of monitoring wells, and implementa

tion of site remedies. Copies of the plans will be kept

on-site.


A groundwater monitoring program is a component of all

alternatives. RCRA regulations will be utilized as guidance

during development of this program.


Those parts of the regulation concerned with long-term

monitoring and maintenance of the site will be incorporated into

the design.


To comply with clean closure, owner must remove or decontaminate

all waste. To comply with containment closure, the owner must

eliminate free liquid, stabilize remaining waste, and cover

impoundment with a cover that complies with the regulation.

Integrity of cover must be maintained, groundwater system

monitored, and runoff controlled. To comply with alternate

closure, all pathways of exposure to contaminants must be

eliminated and long-term monitoring provided.


According to RCRA, waste piles used for treatment or storage of

non-containerized accumulation of solid, non-flowing hazardous

waste may comply with either the waste pile or landfill require

ments. The temporary storage of solid waste on-site, therefore,

must comply with one or the other subpart.


Disposal of contaminated materials from the harbor would be

to a RCRA-permitted facility that complies with RCRA landfill

regulations, including closure and post-closure. On-site

disposal would include a RCRA designed cap.
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POTENTIAL ACTION-SPECIFIC ARARs FOR THE


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


ARARs


RCRA - Incinerators (40 CFR

264.340 - 264.599)


RCRA - Miscellaneous Units

(40 CFR 264.600 - 264.999)


TSCA Disposal Requirements

(40 CFR Part 761.60)


OSHA - General Industry Standards

(29 CFR Part 1910)


OSHA - Safety and Health

Standards (29 CFR Part 1926)


OSHA - Recordkeeping, Reporting,

and Related Regulations

(29 CFR 1904)


CWA - 40 CFR Part 403


5.89.65

0004.0.0


REQUIREMENT SYNOPSIS


This regulation specifies the performance standards,

operating requirements, monitoring, inspection, and

closure guidelines of any incinerator burning

hazardous waste.


These standards are applicable to miscellaneous

units not previously defined under existing RCRA

regulations for treatment, storage, and disposal

units.


PCBs at concentrations greater than 50 ppra, but less

than 500 ppm, must be disposed of either in an

incinerator, or in a chemical waste landfill, or by

another technology capable of providing equal

treatment. PCBs at concentrations greater than 500

p'pm must be disposed of in an incinerator or treated

by an alternate technology capable of equal treatment

or disposed of in a chemical waste landfill. Dredged

materials with PCB concentrations greater than 50 ppm

may be disposed by alternative methods which are

protective of human health and the environment, if

shown that incineration or disposal in a chemical

waste landfill is not reasonable or appropriate.


These regulations specify the 8-hour time-weighted

average concentration for various organic compounds.

Training requirements for workers at hazardous

waste operations are specified in 29 CFR 9910.120.


This regulation specifies the type of safety equip

ment and procedures to be followed during site

remediation.


This regulation outlines the recordkeeping and report

ing requirements for an employer under OSHA.


This regulation specifies pretreatment standards

for discharges to a publicly owned treatment

works (POTW).


ACTION TO BE TAKEN TO ATTAIN ARARs


On-site thermal treatment must comply with the appropriate

requirements specified in this subpart of RCRA.


Units not previously defined under RCRA must comply with

these requirements.


PCB Treatment must comply with these regulations during

remedial action.


Proper respiratory equipment will be worn if it is

impossible to maintain the work atmosphere below the specified

concentrations. Workers performing remedial activities

would be required to have completed specified training requirements.


All appropriate safety equipment will be on-site. In

addition, safety procedures will be followed during

on-site activities.


These requirements apply to all site contractors and

subcontractors and must be followed during all site work.


If a leachate collection system is installed and the

discharge is sent to a POTW, the POTW must have an approved

pretreatment program. The collected leachate runoff must

be in compliance with the approved program. Prior to dis

charging, a report must be submitted containing identifying

information, list of approved permits, description of

operations, flow measurements, measurement of pollutants,

certification by a qualified professional, and a compliance

schedule.




ARARs


Regulations on Disposal Site

Determinations Under the Water

Act (40 CFR 231)


DOT Rules for Transportation of

Hazardous Materials (49 CFR Parts

107, 171.1-171.5)


DEQE - Hazardous Waste

Regulations, Phases I and II.

(310 CMR 30.000, MGL Ch. 2IC)


DEQE - Massachusetts Contingency

Plan (310 CMR 40.000)


DEQE - Massachusetts Surface Water

Discharge Permit Program

(314 CMR 1.00-7.00)


DEQE - Supplemental Require

ments for Hazardous Waste

Management Facilities (314 CMR

8.00)


Waterways Regulations

(314 CMR 9.00 MGL Ch. 91)


DPH - Right to Know (105 CMR

670)


t I E 4-| I
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POTENTIAL ACTION-SPECIFIC ARARs FOR THE


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


REQUIREMENT SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARARs


These regulations apply to all existing, proposed, The dredged or fill material should not be discharged

or potential disposal sites for discharges of unless it can be demonstrated that such a discharge will not

dredged or fill material into U.S. waters, have an unacceptable adverse impact on the wetlands.

which include wetlands.


This regulation outlines procedures for the Contaminated materials will be packaged, manifested, and

packaging, labelling, manifesting, and trans- transported to a licensed off-site disposal facility in

porting of hazardous materials. compliance with these regulations.


This regulation provides a comprehensive program Because these requirements supplement RCRA hazardous

for the handling, storage, and recordkeeping at waste regulations, they must also be considered at New

hazardous waste facilities. They supplement Bedford Harbor.

RCRA regulations.


These regulations provide the framework for the During remedial design, these regulations will be

Commonwealth of Massachusetts to regulate hazardous compared to the corresponding federal CERCLA

waste activities in the state. regulations, and the more stringent requirements


will be applicable.


This section outlines the requirements for Pollutant discharges to surface water must comply with

obtaining an NPDES permit in Massachusetts. NPDES permit requirements. Permit conditions and standards


for different classes of water are specified.


This regulation outlines the additional All owners and operators of RCRA facilities shall comply

requirements that must be satisfied in with the management standards of 310 CMR 30.500, the technical

order for a RCRA facility to comply with the standards of 310 CMR 30.600, the location standards of 310

NPDES regulations. These regulations are CMR 30.700, the financial responsibility requirements of 310

applicable to: a water treatment unit; a CMR 30.900, and in the case of POTWs, the standards for

surface impoundment that treats influent generators in 310 CRM 30.300.

wastewater; and a POTW that generates,

accumulates, and treats hazardous waste.


This regulation is promulgated to establish Applications for proposed dredging/fill work need to be

procedures, criteria, and standards for the submitted and approved before work eminences. Three

water quality certification of dredging and categories have been established for dredge or fill material

dredged material disposal. based on the chemical constituents. Approved methods for


dredging, handling, and disposal options for the three

categories must be met.


This regulation establishes the Massachusetts This regulation will be attained during the implementation of

Substance List. The goal of this regulation is the remedial alternative by providing all workers with

to protect public health by providing information hazardous substance information.

concerning hazardous substances.


5.89.65
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(continued)

POTENTIAL ACTION-SPECIFIC ARARs FOR THE


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


ARARs REQUIREMENT SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARARs 

DEQE  Disposal of Solid Waste This regulation establishes rules and requirements Landfilling of screened, non-hazardous material will comply 
by Sanitary Landfill (310 CMR for solid waste disposal facilities. with this regulation. 
19.00) 

DEQE  Right to Know (310 CMR This regulation establishes rules and requirements This regulation will be attained during the implementation of the 
33.00) for the dissemination of information related to remedial alternative by providing the public with hazardous 

hazardous substances to the public. substance information. 

DOI  Right to Know (441 CMR This regulation establishes requirements for worker This regulation will be attained during the implementation of the 
21.00) "right to know." remedial alternative by providing all workers with hazardous 

substance information. 

5.89.65

0006.0.0




The Remedial Action Objectives, presented in Section 4.3, are

the Hot Spot clean-up goals which address a major source of

contamination in New Bedford Harbor. Implementation of a Hot

Spot remedial alternative is the first step in the clean-up of

the harbor. As such, chemdcal-specific ARARs (including Federal

AWQC, FDA PCB tolerance lê el) are not ARARs that need to be

attained for the Hot Spot. These requirements will be ARARs

whose final clean-up levels are established in the final

operable unit.


4.3 REMEDIAL ACTION OBJECTIVES


The remedial response objectives for the Hot Spot are specific

to that area of the Acushnet River estuary and do not address

the other areas of contamination in the harbor. As stated

previously, the Hot Spot is a small volume of highly

contaminated PCB sediment (greater than 4,000 ppm) which

constitutes a large portion of the PCB mass in the harbor. The

removal and/or treatment of this sediment is considered an

interim remedy, as the remainder of the PCB-contaminated

sediment will need to be addressed.


The removal and/or treatment of the Hot Spot area would be the

first step in clean-up of the harbor. The primary concern with

the Hot Spot area is its function as a source of PCBs to the

remainder of the harbor, and the direct public health and

environmental threat posed by direct contact with the sediment.

Based on this information, three response objectives have been

developed:


• Provide protection to the public health threat posed

by direct contact with Hot Spot sediment.


• Provide protection to the environmental receptors in

direct contact with Hot Spot sediment.


• Reduce PCB-migration from Hot Spot sediment that acts

as a PCB source to the water column and remainder of

the harbor environment.


In selecting alternatives to achieve these remedial objectives,

SARA requires that alternatives utilize permanent solutions and

innovative treatment technologies to the maximum extent

practicable. In addition, preference should be given to

alternatives that reduce the mobility, toxicity, or volume of

the Hot Spot area PCB-contaminated sediment.


4.4 GENERAL RESPONSE ACTIONS


General response actions describe remedial actions that will 
satisfy the remedial action objectives. General response 
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actions conceptualize potential remedial measure that may be

employed to address remedial action objectives. These remedial

measures include containment, sediment removal, treatment,

institutional controls, or a combination of these options.

General response actions lay the groundwork for identifying

specific technologies, which are discursed in Section 5.0. The

general response actions for this FS are listed in Table 4.4.
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MEDIA REMEDIAL ACTION OBJECTIVE


Sediment Public Health Protection


• Provide Protection to Public Health

Threat Posed by Direct Contact with

Hot Spot Sediment


Environmental Protection


• Provide Protection to the Environmental

Receptors in Direct Contact with

Hot Spot Sediment


• Provide PCB-nigration from the Hot

Spot Sediment which Acts as a PCB

Source to the Water Column and

Remainder of the Harbor Environment


GENERAL RESPONSE ACTIONS TO ADDRESS

REMEDIAL ACTION OBJECTIVES


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


GENERAL RESPONSE

ACTION/TECHNOLOGY


No-Action Institutional Actions:


- No-Action

- Restrict Access

- Monitor


Containment Actions:


- Cap/Barriers


Excavation/Treatment Actions:


- Dredge/Dispose

- Dredge/Treat Dispose


REMEDIAL TECHNOLOGY

TYPES


No-Action/Institutional Actions:


- Fencing

- Deed Restrictions

- Public Education


Containment Actions:


- Soil/Sediment Cap

- Synthetic Cap

- Vertical Barriers (Sheet Pile, Embankment)

- Sediment Control Barriers


Excavation/Treatment Actions


- Dredges

- Mechanical Excavations

- Slurry Pumps

- Solidification

- Dewatering

- Water Treatment

- Physical Treatment

- Chemical Treatment

- Biological Treatment

- Thermal Treatment

- In-situ Treatment


4.89.99T
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5.0 IDENTIFICATION. SCREENING. AND EVALUATION OF TECHNOLOGIES


5.1 INTRODUCTION


Remedial alternatives consist of combinations of technology 
types and process options that form a series of response actions 
necessary to achieve the remedial objectives developed for a 
s i t  e p r o b l e m  . T e c h n o l o g  y t y p e  s m a  y i n c l u d e  : 
excavation/dredging; physical, chemical, thermal, and biological 
treatment; and containment. Several technology types may be 
identified for each response action. Specific technologies, or 
process options, may exist within each technology type. For 
example, physical treatment would include process options such 
as solvent extraction, solidification, and air stripping. 
General response actions and technology types were identified 
for New Bedford Harbor and are shown in Figure 5-1. 

This section discusses the results of the identification, 
screening, and evaluation of technologies. Sectin 5.0 is an 
inventory of applicable technologies that can be assembled into 
remedial alternatives capable of meeting the remedial action 
objectives (see Section 4.0) for the Hot Spot area. 

5.2 IDENTIFICATION AND SCREENING OF TECHNOLOGIES


From a remedial standpoint, the PCB- and metal-contaminated

sediment in New Bedford are the primary environmental medium of

concern. The 5-acre Hot Spot area in the upper estuary contains

approximately 10,000 cubic yards (in situ) of contaminated

sediment with PCB concentrations ranging from 4,000 ppm to over

100,000 ppm. Sediment metals (predominantly cadmium, copper and

lead) concentrations range from below detection to approximately

4,000 ppm. The sediment in the Hot Spot area is 75 to 80

percent fine-grained organic silts and marine clays. Total

organic carbon content ranges from 17.1 to 140.3 parts per

thousand (ppt) with a mean value of approximately 89.4 ppt.

Moisture content of the sediment ranges from 30 to 60 percent.


Mean tidal ranges are 3.8 feet for the Acushnet River Estuary

with a maximum difference between alternative tides of 1.2

feet. Low tide exposes much of the Hot Spot area as mudflats.

Mean low water depths in this area range from -1.6 to 2.2 feet.


Remedial alternatives developed for the Hot Spot will also need

to consider technology types and process options for treating

PCB and metal contaminated water generated as a liquid waste

stream during sediment dewatering and treatment.


Identification and screening of remedial technologies are the

first steps in producing an inventory of applicable


5-1




REMOVAL CONTAINMENT | NO-ACTION/ 
NSTtTUTIONAl 

CONTROLS 

DREDGING 
NON-

CONVENTIONAL 
METHODS 

rREATMENl 

PHYSICAL CHEMICAL BIOLOGICAL THERMAL IN-8ITU 

i 
J 

DISPOSAL 

IN-HARBOR SHORELINE UPLAND OFFSITE I OCEAN I 

FIGURE 5-1 
GENERAL RESPONSE ACTIONS & TECHNOLOGY TYPES


IDENTIFIED FOR NEW BEDFORD HARBOR

HOT SPOT FEASIBILITY STUDY


4951-22 NEW BEDFORD HARBOR 



technologies. Technology types and process options for

remediating hazardous waste were identified through numerous

sources including trade periodicals; computer database searches;

EPA Superfund guidance documents and funded studies; other FSs;

and direct contacts with technology vendors. Technology types

and process options identified for New Bedford Harbor are

presented in Table 5-1. In the subsequent screening step,

technology types ana process options were eliminated from

further consideration on the basis of technical implementability

with respect to the site and waste specific conditions found in

New Bedford Harbor and the Hot Spot area within the harbor.


Figure 5-2 summarizes the technology types and process options

that were retained for detailed evaluation. The identification

and screening of technologies for New Bedford Harbor has been

described in detail in numerous published reports (E.G. Jordan

Co./Ebasco, 1987a,b,c; and Palermo and Pankow, 1988).


5.3 DETAILED EVALUATION OF TECHNOLOGIES


The purpose of the detailed evaluation of technologies is to

refine the list of applicable technologies retained after

screening. One representative process is selected, if possible,

for each technology type to simplify the subsequent development,

screening and detailed analysis of remedial alternatives (see

Sections 6.0 and 7.0) without limiting flexibility during

remedial design. Selection of a specific representative process

provides a basis for developing performance specifications

during the preliminary design.


Process options for New Bedford Harbor were evaluated on the

basis of effectiveness, implementability and cost: the same

criteria used to screen alternatives prior to detailed

analysis. However, these criteria were applied only to the

technologies and not to the site as a whole.


The effectiveness of each technology was assessed on the basis

of the potential effectiveness in handling the estimated area or

mass of contaminated sediment and in meeting the response

objectives; the effectiveness in protecting human health and the

environment during the construction and implementation phase;

and the demonstrated level of devlopment and reliability for the

site and waste specific conditions in New Bedford Harbor.


The implementation of a technology considered factors relating

to the technical, institutional, and administrative feasibility

of installing, monitoring, and maintaining that technology. The

cost estimates developed for each technology included direct and

indirect capital costs, and operation and maintenance expenses

(O&M).
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TABLE 5-1

TECHNOLOGY TYPES AND PROCESS OPTIONS

IDENTIFIED FOR NEW BEDFORD HARBOR


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


MEDIUM RESPONSE ACTION TECHNOLOGY TYPE PROCESS OPTIONS


Sediment Removal Dredging

Mechanical Clamshell


Watertight Clamshell

Dragline

Dipper

Orange Peel

Bucket-Loader

Backhoe

Sauerman

Terra Marine


Hydraulic Plain Suction

Dustpan

Cutterhead

Hopper

Sidecasting

Bucketwheel


Special Purpose Airlift

PNEUMA

Oozer

Cleanup

Refresher

Waterless

Drexhead

Currituck

Mudcat

Hand Held


Excavation Dragline

Clamshell

Watertight Clamshell

Scaper

Dozers & Loaders

Bucket Wheel

Backhoe

Gradall




TABLE 5-1 (Continued)

TECHNOLOGY TYPES AND PROCESS OPTIONS

IDENTIFIED FOR NEW BEDFORD HARBOR


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


MEDIUM RESPONSE ACTION TECHNOLOGY TYPE


Non-conventional


Containment Capping


Chemical Sealants

Hydraulic Controls


Treatment Physical


PROCESS OPTIONS


Sorbents and Gels

Bioharvesting

Oil Soaked Mats


Clay/Sediment/Sand & Gravel

Fabric

Impermeable Synthetics

Multimedia


Dikes/Berms

Sheet Piling


Air Stripping

Soil Aeration

Carbon Adsorption

Flocculation/Precipitation

Evaporation

Centrifugatxon

Extraction

Filtration

Solidification

Granular Media Filtration

In-situ Adsorption

Molten Glass

Steam Stripping

Liquified Gas Extraction

Vitrification

Particle Radiation

Microwave Plasma

Crystallization

Dialysis/Electrodialysis

Distillation

Acid Leaching

Catalysis




TABLE 5-1 (Continued)

TECHNOLOGY TYPES AND PROCESS OPTIONS

IDENTIFIED FOR NEW BEDFORD HARBOR


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


MEDIUM RESPONSE ACTION TECHNOLOGY TYPE PROCESS OPTIONS


Chemical Alkali Metal Dechlorination

Akaline CMorination

Catalytic Dehydrochlorination

Electrolytic Oxidation

Hydrolysis

Chemical Immobilization

Polymerization


Thermal Electric Reactors

Fluidized Bed Reactors

Fuel Blending

Industrial Boilers

Infrared Incineration

In Situ Thermal Destruction

Liquid Injection incineration

Molten Salt

Multiple Hearth Incineration

Plasma Arc Incineration

Pyrolysis Processes

Rotary Kiln Incineration

Wet Air Oxidation

Supercritical Water Oxidation


Biological Advanced Biological Methods

Aerobic Biological Methods

Anaerobic Biological Methods

Composting

Land Spreading


In-situ

Biodegradation


Physical Vitrifiction

Stabilization Chemical Grouts




TABLE 5-1 (Continued)

TECHNOLOGY TYPES AND PROCESS OPTIONS

IDENTIFIED FOR NEW BEDFORD HARBOR


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


MEDIUM RESPONSE ACTION TECHNOLOGY TYPE PROCESS OPTIONS 

Dechlorination 

Disposal In-Harbor Island Construction 
Confined Aquatic Disposal 

Shoreline Confined Disposal Facility 

Upland Lined Landfills 

Offsite Permitted Disposal Facility 

Ocean Sited Offshore Disposal 

Water Treatment Physical Carbon Adsorption 
Flocculation/Precipitation 
Ion Exchange 
Resin Adsorption 
Reverse Osmosis 
Ultrafiltration 

Chemical Neutralization 
Oxidation/Hydrogen Peroxide 
Ozonation 
Ultraviolet Photolysis 
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As part of the detailed evaluation of technologies for New

Bedford Harbor, bench scale and pilot scale testing of treatment

technologies and pilot scale testing of dredging and disposal

options was conducted. Subsection 5.3 summarizes results of

these tests.


Descriptions of individual process options and details of the

evaluation process have been presented in numerous published

reports (E.G. Jordan Co./Ebasco, 1987c; and Palermo and Pankow,

1988) .


5.3.1 Dredq ino /Excavat ion


Two types of technologies for sediment removal were evaluated

for New Bedford Harbor: excavation and dredging. The excavation

of PCB/metal-contaminated sediment might occur along shoreline

areas that are inaccessible to floating dredge equipment (due to

insufficient draft) but accessible to land-based equipment

operating from adjacent embankments. Of the three types of

excavation equipment considered for detailed evaluation (i.e.,

dragline, clamshell, and watertight clamshell), only the

watertight clamshell was retained. The watertight clamshell is

a conventional crane equipped with a bucket having interlocking

jaws that seal when closed to minimize leakage. Although these

three excavation technologies are operationally similar, the

major factor for retaining the watertight clamshell is that it

produces the least amount of resuspended sediment (E.G. Jordan

Co./Ebasco, 1987c).


Hydraulic barriers such as sheet pile walls might be used in

conjunction with land-based excavation as a means of isolating

contaminated areas (e.g., the Hot Spot) prior to removal. Use

of these barriers is discussed in Subsection 5.3.4.


Three types of dredges were evaluated for New Bedford Harbor:

mechanical, hydraulic, and special purpose. Mechanical dredges

are essentially cranes with grab buckets or clamshells, or even

front-end loaders or backhoes mounted on a barge. Mechanical

dredges were eliminated from further consideration during the

evaluation process for three reasons (E.G. Jordan Co./Ebasco,

1987c): (1) use of mechanical dredges would be limited to

localized areas in New Bedford Harbor where water depths exceed

6 feet (a minimum operating depth for barges and tugs); (2)

activities associated with mechanical dredging (e.g., as

positioning of the barge by the tugs and transfer of

contaminated sediment between the dredge barge and the hauling

barge) would have potential for causing spillage and therefore

sediment resuspension; and (3) limited horizontal and vertical

accuracy of this type of dredge would result in overexcavation

(i.e., approaching a factor of 6), causing an increase in

sediment volume to be handled and the commensurate increase in
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disposal costs. USAGE confirmed the disadvantages of mechanical

dredges when compared with hydraulic dredge types (Palermo and

Pankow, 1988) .


Of the three hydraulic dredges considered for detailed

evaluation (i.e., cutterhead, hopper, and plain suction), only

the cutterhead was retained in the E.G. Jordan Co./Ebasco study

(1987c). The principal advantages of the cutterhead over the

hopper and the plain suction dredge include (1) greater

operational flexibility throughout New Bedford Harbor (the size

and draft of the hopper and plain suction dredges would preclude

them operating in the estuary north of the Coggeshall Street

Bridge); (2) better maneuverability near shorelines and wharfs;

(3) less sensitivity to clogging than either the hopper or the

plain suction dredge; and (4) minimal sediment resuspension with

proper operational controls.


USAGE concurred with the selection of the cutterhead dredge

(Palermo and Pankow, 1988). In addition, USAGE selected a

second hydraulic dredge type (i.e., the matchbox) for further

evaluation in their pilot dredging and disposal study. The

matchbox dredge, originally developed in Holland for dredging

contaminated sediment, is a plain suction dredgehead enclosed in

housing that resembles a matchbox. Tests of this dredge

conducted by USAGE in Calumet Harbor on Lake Michigan indicated

that the matchbox, if properly operated, is capable of removing

sediment with little resuspension.


Six special-purpose dredge technologies were retained by Jordan

for detailed evaluation (E.G. Jordan Co./Ebasco, 1987c) :

special dredgeheads or modifications to conventional hydraulic

dredges, scaled-down versions employing conventional dredging

methods, and the use of compressed air as a method of dislodging

and lifting materials. Of the six special purpose dredges

evaluated, the mudcat dredge (a horizontal auger dredge which is

operationally a member of the hydraulic dredge family) was

selected as the most versatile over the widest range of site

conditions, based on minimal resuspension of material;

production efficiency; and precision, accuracy, and control over

the sediment removal process (E.G. Jordan Co./Ebasco, 1987c) .

The mudcat dredge was also selected by USAGE as the third dredge

type to be evaluated in the pilot dredging and disposal study

(Palermo and Pankow, 1988).


Two other special purpose dredges were identified by Jordan as

having some application potential for New Bedford Harbor: the

refresher dredge and the PNEMUA pump (E.G. Jordan Co./Ebasco,

1987c). The refresher dredge is a modification of the

cutterhead dredge and is being developed in Japan. The PNEMUA

pump, developed in Italy, uses a compressed-air chamber to

remove sediment. Both dredges are capable of removing sediment

with minimal resuspension and might be considered for removing
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sediment in small, localized areas and/or as back-up systems to

the primary removal technologies selected for site work.

However, USAGE noted that both dredges were large draft vessels,

and that the PNEUMA dredge does not operate well in shallow

water (Palermo and Pankow, 1988). These factors might preclude

them from operating in many portions of New Bedford Harbor.

Furthermore, the availability of the refresher and PNEUMA

dredges for work in New Bedford Harbor is questionable due to

U.S. restrictions on the importation of foreign technology.


In summary, the cutterhead, matchbox, and mudcat dredges were

retained as the three dredge types to be tested by the USAGE

during their pilot dredging study. The results from this study

were used in the selection of the best dredge type for dredging

contaminated sediment in New Bedford Harbor.


5.3.1.1 USAGE Pilot Dredging Study


As an extension of the EPS for the Acushnet River Estuary, a

pilot study of dredging and dredged material disposal methods

was conducted by USAGE from late 1988 through early 1989. The

study site was a small cove located north of the Coggeshall

Street Bridge on the New Bedford side of the Acushnet River.

The overall objective of this study was to evaluate different

dredge types, dredge operating procedures, disposal methods, and

control techniques. An overview of the USAGE pilot study was

presented by Otis and Averett (1988); a more detailed

description is given in Otis and Andreliunas (1987). Results of

the dredging portion of the pilot study are discussed herein.

Results of the disposal methods portion of the pilot study are

discussed in Subsection 5.3.3.


The technical objectives of the pilot dredging study were to (l)

determine the efficiency of dredging for the removal of PCB- and

metal-contaminated sediment from New Bedford Harbor; and (2)

evaluate actual sediment resuspension and contaminant release

under field conditions for each of the three dredge types, and

assessment of operational controls, and turbidity containment

techniques (Otis and Averett, 1988).


The three hydraulic dredges selected by USAGE and Jordan (i.e.,

cutterhead, matchbox, and mudcat) were alternately used in the

removal of approximately 3,000 cy (total) of contaminated

sediment from two locations within the study area. In dredge

Location 1, the sediment PCB levels in the 0-6 inch horizon

averaged 226 ppm. In dredge Location 2, the PCB levels in the

0-6 inch horizon averaged 385 ppm (Otis et al., 1989).


To assess the performance of the three dredges, USAGE conducted

a physical and chemical monitoring program during dredging
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operations. Data collected during this program was used to

address the following (Otis and Averett, 1988):


• rate of sediment resuspension caused by the dredging

operation


• rate of contaminant release, in particular PCB release,

associated with each cf the dredges


• contaminant flux in and out of the upper estuary during

dredging


• efficiency of contaminant removal by the dredges


• dredging controls needed to minimize the rate of

sediment resuspension at the dredge and measures that

should be employed to contain the suspended sediment

plume near its point of generation


Concurrent with the USAGE monitoring of dredging operations, an

aquatic monitoring program was conducted to evaluate the

effectiveness of dredging in terms of the extent of a suspended

sediment plume, far-field water quality, and the associated

effects on marine organisms. The aquatic monitoring program was

conducted by the USAGE. EPA Narragansett Laboratory supported

the USAGE in collecting water quality data and performed the

biological component of the monitoring program. An overview of

the monitoring program has been described by Phelps et al.

(1988). An air monitoring program for measuring levels of

airborne PCBs was conducted by Ebasco as part of the pilot

dredging and disposal study. Results from this program

demonstrated that disposal of contaminated sediment in a

shoreline CDF did raise the ambient levels above background.

However, the increased levels did not threaten worker safety or

public health, and were confined to the area immediately

adjacent to the CDF.


Preliminary results of the pilot dredging study are summarized

in the following paragraphs. These results are based on review

of currently available data (Otis et al., 1989).


Sediment Resuspension. A sediment resuspension rate of 40 grams

per second was used in the contaminant release estimates

contained in the conceptual dredging studies conducted by USAGE

(Averett, 1988). During the pilot dredging study, sediment

resuspension rates were empirically determined by sampling the

water column immediately adjacent to the operating dredgehead

for each of the three dredges. Data collected from these

samples were combined with the dredge swing speed or rate of

forward advance, and water depth to derive a resuspension rate.

Results indicated that the cutterhead dredge had the lowest

resuspension rate, with an average of 13 grams per second over
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four days of operation. The matchbox dredge had an average of

48 grams per second over five days of operation. The mudcat

dredge had the highest resuspension rate, with an average of 374

grams per second over four days of operation (Otis et al. ,

1989). The significantly higher resuspension rate for the

mudcat dredge is due to the fact that sediment is being removed

by a rotating auger 9 feet in width. Pediment resuspension is

occurring along Jie entire length of the auger, which channels

sediment toward the center for removal (Otis et al., 1989).


Contaminant Release. The standard elutriate test is used to

estimate contaminant levels in the water column adjacent to the

operating dredge. When results of the elutriate tests are

combined with the sediment resuspension rate, an estimate of the

contaminant release rate at the dredge can be obtained.

Elutriate tests were conducted on sediment-water samples

collected from two locations within the pilot study area.

Results of these tests indicated average total PCB

concentrations in the water fraction were approximately 74 parts

per billion (ppb) (Otis et al., 1989).


Composite samples were collected adjacent to the dredgehead

during the pilot study. Mean total PCB concentrations of 7.0,

2.6, and 54.9 ppb, were measured for the cutterhead, matchbox,

and mudcat dredges, respectively (Otis et al., 1989). Although

the differences between the dredges were found to be

statistically insignificant because of the wide variability in

measurements, the mudcat dredge appears to be less effective in

reducing sediment resuspension and contaminant release at the

point of dredging (Otis et al., 1989).


Results from the pilot study indicate that the elutriate test

provides a conservative estimate of PCB concentrations in the

water column during dredging and CAD filling operations. In

general, PCB levels in the water column measured in the field

were approximately one order of magnitude less than the

elutriate test results.


Based on pilot study results, USAGE prepared contaminant release

estimates for dredging the highly contaminated sediment in the

Hot Spot (Otis, et al., 1989). These estimates and the

parameters used to make the estimates are presented in Table

5-2. The USAGE applied a 2x safety factor to their estimates

for the following reasons (Otis, et al., 1989):


• The pilot study demonstrated USAGE'S procedure for

estimating contaminant releases was conservative for

the sediment dredged during the pilot study. However,

extrapolating the results to the Hot Spot is a big step

and should be performed with caution.
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TABLE 5-2

CONTAMINANT RELEASE ESTIMATES

DREDGING HOT SPOT SEDIMENT


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


PARAMETER DESCRIPTION UNITS PCB Cd Cu Pb 

Dredge production ^te, in cu m/hr 27 
situ sediment volume 

Dredge slurry flow rate cu m/hr 576 

Effective dredge operating hr/day 4 
time 

Daily dredge production rate cu m/day 108 

Daily dredge slurry flow cu m/day 2,300 

In situ sediment concentra- g/liter 552 
tion (water content 138%) 

Dredge slurry total suspended g/liter 40 
solids (TSS) concentration 

Solids pumping rate, dry kg/day 92,160 
weight 

Sediment resuspension rate at g/sec 20 
dredge, TSS 

Daily sediment resuspension kg/day 288 
rate at dredge, TSS 

In situ sediment contaminant mg/kg 8,400 36 1,300 1,000 
concentration 

Elutriate contaminant concen- mg/liter 3.04 0.0059 0.18 0.026 
tration, whole water 

Elutriate dissolved contami- mg/liter 0.58 0.0025 0.02 0.011 
nant concentration 

Elutriate total suspended mg/liter 437 140 140 320 
solids (TSS) concentration 

Elutriate contaminant concen- mg/kg 5,627 23 1,101 47 
tration on sediment 

Elutriate dissolved contami- mg/kg 1,330 17 115 34 
nant concentration/TSS 

Contaminant flux at dredge kg/ day 1.62 0.01 0.32 0.014 
with TSS 

4.89.99T 
0019.0.0 



• The release estimates are based on resuspension at the

dredgehead and do not include other contaminant

releases associated with work boats, moving anchors,

etc., which contributed additional contaminant loads.


• Hot Spot sediment may contain pockets of oily material

that may be freely released when disturbed by dredging


• Sediment resuspension estimates and laboratory

elutriate concentrations are average values. Above

average values will frequently be encountered.


The contaminant release estimates presented in Table 5-2

indicate that a 4 hour-per-day operating cycle with a production

rate of 27 cubic meters (35 cubic yards) per hour would generate

a total (TSS plus dissolved) PCB flux of 2 kg/day at the

dredge. The total PCB flux (with the 2x safety factor applied

and the estimate rounded to one significant figure) at the

Coggeshall Street bridge would be 1 kg/day.


Contaminant Flux. The EPS predicted that 76 percent of the

mobile sediment fraction would escape during dredging in the

vicinity of the cove and 52 percent during dredging near the Hot

Spot. Results from the dredge plume model indicated that an

average, weighted by occurrence frequencies, of about 29 percent

of the resuspended material will escape beyond the 100-yard

radius of the dredging site. Results of this analysis were used

with the contaminant release estimates at the dredge to estimate

the flux of contaminants out of the upper estuary during

dredging.


No elevated levels above background of suspended solids were

measured at the Coggeshall Street Bridge (i.e., the southern

boundary of the estuary for the purposes of this study) during

dredging operations, except for one sampling event immediately

following a storm. Pre-operational monitoring conducted for the

pilot study indicated that background mean suspended solids

concentrations at the Coggeshall Street Bridge ranged from 6.4

to 10.2 milligrams per liter (mg/1) (EPA-NRL, 1988). Suspended

solids measured during the dredging operations, at sampling

stations located approximately 300 feet from the dredge, ranged

from 3.8 to 11.4 mg/1 (Otis et al., 1989).


Water column sampling was conducted during the pilot study at a

sampling station located just east of the pilot study cove and

at a sampling station located at the Coggeshall Street Bridge.

The mean total PCB concentration measured during the

preoperational period was 0.60 ppb at the Coggeshall Street

Bridge. The mean total PCB concentration measured during

dredging operations was 0.77 ppb at the sampling station east of

the cove, and 0.57 ppb at the Coggeshall Street Bridge (Otis et

al., 1989).
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Efficiency of Contaminant Removal. All three hydraulic dredges

used during the pilot study were able to remove contaminated

sediment while minimizing sediment resuspension and

overdredging. No elevated levels (above background) of

resuspended sediment were measured at the near field sampling

point located 100 yards from the dredgehead. Sediment

contaminant levels after dredging were in the 10-ppm range, and

generally less than l.j feet of sediment was removed.


Dredae Controls. Swing anchors are used on the cutterhead and

matchbox dredge to allow the dredge to pivot laterally about its

spud anchor. During the pilot study operations, these anchors

frequently slipped in the soft bottom sediment, resulting in a

plume of suspended sediment. Small boats used to set the

anchors also stirred up bottom sediment, compounding the

problem. USAGE recommended setting the swing anchors on land.


Silt curtains, designed to prevent migration of a suspended

sediment plume, do not appear to be justified because monitoring

did not detect a significant sediment plume moving away from the

dredge. In fact, installation, movement, and removal of the silt

curtain in the shallow water conditions of the estuary caused a

considerable amount of sediment resuspension. This would negate

any beneficial effects of using a silt curtain.


5.3.1.2 Summary


Based on results of the pilot study, USAGE concluded that all 
three dredge types were equally effect ive in removing 
contaminated sediment with a mimimum of sediment resuspension 
and contaminant migration. However, USAGE has recommended the 
cutterhead dredge for use in New Bedford Harbor, including the 
Hot Spot area. The cutterhead dredge exhibited advantages over 
the matchbox and the mudcat in the following areas (Otis et al., 
1989): 

• Dredgehead sampl in  g indicated tha  t s e d i m e n  t 
resuspension at the point of dredging was minimized 
with the cutterhead. 

• Downtime due to clogging of the suction line with 
sediment and debris was less of a problem with the 
cutterhead. 

• Worker exposure to contaminated sediment was minimized 
when clearing the clogged suction line. 

• Dredging operations were not impacted by windy 
conditions which was a problem with the mudcat. 

• Dredge movement and repositioning was more efficient, 
as compared to the mudcat. 
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Operational procedures developed for the cutterhead dredge

during the pilot study will help to ensure efficient removal of

contaminated sediment with minimal sediment resuspension and

contaminant release. Monitoring of suspended solids and PCB

levels indicate that movement of contaminants away from the

point of dredging is likely to be minimal. No elevated levels

above background of suspended sediment or PCBs was detected at

the Coggeshall Street Bridge during dredging operations.


5.3.2 Treatment


Ten sediment treatment and four water treatment technologies 
were retained from the initial screening process for detailed 
evaluation (Table 5-1). In evaluating those factors associated 
with implementating a treatment technology, demonstrated 
performance on a bench-scale, pilot-scale, or full-scale was 
used as a key indicator of the level of development and 
therefore the ability of a given technology to be implemented at 
New Bedford Harbor. 

5.3.2.1 Sediment Treatment


A few sediment treatment technologies (e.g., incineration) have 
bee n thoroughl  y demonstra te  d as ful l -scal  e systems . 
Incineration is the most widely practiced and permitted method 
of destroying organic hazardous wastes. Three types of 
incineration systems were considered applicable for treating 
PCBs in New Bedford Harbor sediment and were therefore retained 
for remedial alternative development (E.G . Jordan Co./Ebasco, 
1987c) : infrared, rotary kiln, and fluidized bed. All three 
systems achieve similar results, but d i f f e  r in materials 
handling and hardware design. The selection of a specific 
incineration system for New Bedford Harbor would depend largely 
on the ability of the equipment to meet design specifications 
developed for New Bedford Harbor and the availability of 
equipment at the time of implementation. Detailed descriptions 
of each incineration system are in the E.G . Jordan Co./Ebasco 
report (1987c) . 

The available bench- and pilot-scale performance data for many 
of the other sediment treatment technologies appeared promising 
for New Bedford Harbor, although the site- and waste-specific 
conditions under which the tests were run were o f t e  n 
dramatically different from conditions found at New Bedford. 
Based on these results, six bench-scale tests and one 
pilot-scale treatment test were conducted to provide performance 
data specifically for New Bedford Harbor sediment. No treatment 
tests were conducted for the three incineration options. The 
specific sediment treatment technologies tested are listed in 
Table 5-3. An overview of the treatment test program has been 
presented by the Allen and Ikalainen report (1988). Details of 
the treatment test protocols are in Jordan/Ebasco (1988e). 
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TABLE 5-3

BENCH- /PILOT-SCALE TESTS OF SEDIMENT TREATMENT TECHNOLOGIES


NEW BEDFORD HARBOR


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


TECHNOLOGY SCALE VENDOR 

Solidification/Stabilization Bench Test conducted by U.S. Army 
Corps of Engineers 
Waterways Experiment Station 
Vicksburg, MI 

Solvent Extraction 

BEST Process Bench Resources Conservation Co. 
3006 Northup Way 
Bellevue, HA 

Liquified Gas Extraction Pilot CF Systems Corporation 
140 Second Avenue 
Waltham, MA 

Alkali Metal Dechlorination 

KPEG Process Bench Galson Research Corporation 
6601 Kirkville Road 
East Syracuse, NY 

Vitrification (Modified In-situ) Bench Battelle Pacific Northwest Laboratories 
Richland, WA 

Advanced Biological
Treatment (Aerobic) 

 Bench Radian Corporation 
5103 W. Beloit Road 
Milwaukee, WI 

Sediment Dewatering 

Plate & Frame Filter Press Bench OH Materials Corp. 
1090 Cinclare Drive 
Port Allen, LA 

CONTACT


Tommy Myers

(601)-634-3939


Lanny Weimer

(301)-465-2887


(617)-890-1200


Edwina Millisic

(315)-463-5160


Craig Timmerman

(509)-376-2252


Chuck Applegate

(414J-643-2768


Chuck Bearden

(504)-389-9596




Results of the sediment treatment tests conducted for the New

Bedford Harbor project were used to determine the following:


• effectiveness of the treatment technologies

on treating PCB and metal contaminated sediment

and water from New Bedford Harbor


• potential material handling problems and process

rate limiting features that might develop during scale

up of the treatment technology


• refined cost estimates for treating New Bedford

Harbor sediment


Results of the sediment treatment test program are in Table

5-4. A brief description of each sediment treatment technology

and general comments regarding test results are discussed in the

following paragraphs.


Solvent Extraction - BEST Process. Resource Conservation

Company (RCC) conducted a bench-scale study of their BEST

solvent extraction process on a sample of New Bedford Harbor

sediment (RCC, 1988a). The BEST process employs the inverse

miscibility property of the solvent triethylamine (TEA) to

separate PCB-contaminated sediment into PCB/oil, water, and

solids fractions. Sediment containing PCBs is mixed with TEA at

a temperature of about 40 degrees Fahrenheit. At this

temperature, the TEA freely mixes with the water and the PCB/oil

fraction of the sediment matrix. After a suitable reaction

period, the extracted solids are removed from the reaction

mixture by centrifugation. The remaining liquid containing

water, TEA, and PCB/oil is then heated to 150 degrees

Fahrenheit. At this elevated temperature, the water separates

from the TEA/PCB/oil fraction. The TEA solvent is recovered by

steam stripping from the PCB/oil fraction and reused. The

PCB/oil fraction is disposed of, usually by incineration at a

permitted, offsite facility.


Results of the BEST test are summarized in Table 5-4. PCB

removal efficiencies of +99% were achieved after three

extraction stages for both high-level and low-level sediment

samples tested (initial PCB concentrations of 5,800 and 420 ppm,

respectively). PCB concentration in the treated residue of the

low-level sediment was 11 ppm. However, the concentration of

PCBs in the treated residue of the high-level sediment was 130

ppm. As a result of this finding, RCC conducted an additional

bench test on New Bedford Harbor sediment to further optimize

process parameters. In this second test, a sediment sample

containing 11,000 ppm of PCBs was reduced to 16 ppm after six

extraction stages (RCC, 1988b).
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TECHNOLOGY


Solidification/ 
Stabilization 
(continued)


Vitrification


Liquified gas

extraction

(propane)


Advanced

Biological

Methods

(aerobic)


Plate and Frame 
Filter Press 

TABLE 5-4 (Continued)

RESULTS OF BENCH- AND PILOT-SCALE TESTS OF TREATMENT TECHNOLOGIES


CONDUCTED FOR NEW BEDFORD HARBOR


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


RESULTS OF TREATMENT TEST ADVANTAGES PISADVANTAGES RETAINED 

Cadmium and zinc leachability

significantly reduced;

eliminated in one process

Copper and nickel apparently

mobilized


99.94% destruction of PCBs Effective destruction of High energy requirements No

99.9985% ORE (soil-to-offgas) PCBs and encapsulation of No commercial units available

Metal concentrations in TCLP metals at this time

extract below regulatory

limits


97% reduction of PCBs in • High PCB removal Further development needed to No

low level (<400 ppm) sediment address problems with materials

after 10 passes through unit and system operating parameters

96% reduction of PCBs in experienced during pilot test

high level (>2,000 ppm) sediment No commercial units available

after 6 passes through unit at this time

93% solids recovery


Limited degradation of lower Insufficient data to Incomplete destruction of PCBs No 
chlorinated congeners (di- and assess advantages of this Insufficient data to determine

trichlorobiphenyls)) relative to other treat- process rates and process

No degradation of higher ment processes design parameters

chlorinated PCB isomer groups


38% solids sample dewatered to • Effective method of • None identified Yes 
62% solids cake sediment dewatering 

• Commercial units readily 
available 



TABLE 5-4

RESULTS OF BENCH- AND PILOT-SCALE TESTS OF TREATMENT TECHNOLOGIES


CONDUCTED FOR NEW BEDFORD HARBOR


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


TECHNOLOGY


Solvent Extraction 
(B.E.S.T. Process) 

Alkali Metal

Dechlorination

(KPEG process)


Solidification/

Stabilization


RESULTS OF TREATMENT TEST


99.1% reduction in PCBs in 
low level (780 ppm) sediment 
after 3 extraction stages 
99.4% reduction in PCBs in 
high level (4,300 ppm) 
sediment after 3 extraction 
stages 
94% reagent recovery

90% solids recovery

Apparent immobilization of

metals


99.8% removal of PCBs

in low level (440 ppm)

sediment after 9 hours

99.8% removal of PCBs

in high level (7,300 ppm)

sediment after 12 hours

75% reagent recovery (min)

43% solids recovery (dry wt)


Chemical stabilization proper

ties of the three technologies

tested were similar

Hardened material exceeded

50 psi USEPA-OWSER standard

PCB leachability reduced by

10X to 100X (depending on

formulation)


ADVANTAGES DISADVANTAGES RETAINED 

High PCB removal 
Not limited by moisture 
content 
Energy efficient 
Proven in field test 
Commercial units available 

TEA solvent is flammable 
Secondary treatment for metals 
may be required 

Yes 

High PCB removal 
Biphenyl ether end 
product not acutely toxic, 
and does not 
bioaccumulate. 

Low reagent/sediment recovery 
suggests material handling 
problems need to be overcome 
Secondary treatment necessary 
for metals 
Moisture inhibits dechlorina
tion reaction 
No commercial process available 
at present time 

No 

•

•

•

 Effective stabilization 
of PCBs 

 Effective stabilization 
of cadmium and zinc 

 Numerous commercial 
processes available 

Apparent mobilization of 
certain heavy metals 
No information or data on 
long-term structural integrity 
of solidified material 

Yes 



Similar PCB extraction efficiencies using the BEST process were

obtained in other tests. A bench test of PCB-contaminated soil

was conducted by RCC for a northern New England utility. Three

types of FCB-contaminated soil were tested: clay-silt, fill,

and sandy loam. Initial PCB concentrations in these samples

were 4,400, 1,010, and 21,700 ppm, respectively. Analysis of

the treated soil showed residual PCB concentrations of 2.6, 5.9,

and 19.0 ppm, respectively, after three extraction stages (RCC,

1989a).


An EP Toxicity test was conducted by RCC on the treated New

Bedford Harbor sediment. Results indicated that leachate

concentrations of heavy metals were well below the allowable

maximum concentrations. This apparent immobilization of the

metals is presumed to be due to the alkaline (i.e., pH greater

than 9) nature of the treated residue. RCC observed similar

results in bench tests of a wide range of soil and sediment

samples containing heavy metals (RCC, 1989b). The implication

of this finding is that secondary treatment (e.g. ,

solidification) of the solvent-extracted sediment may not be

necessary to immobilize the heavy metals. Further bench/pilot

tests to verify this phenomenon is warranted if the BEST process

is implemented at New Bedford Harbor.


The hazardous nature of TEA and its reported toxicity to fish

has raised questions about public/worker health and safety, and

environmental impacts of the BEST process. TEA is a standard

industrial solvent with a flash point of 25 degrees Fahrenheit

and is thus flammable. With a vapor pressure of 53.5 mm/Hg at

68 degrees Fahrenheit, TEA is also mildly volatile. RCC uses

several precautions in its system to minimize hazards: (l) air

monitoring is conducted to detect TEA/air concentrations outside

safety limits; (2) all process equipment is maintained in a

positive pressure nitrogen blanket so that no air will be

introduced; and (3) explosion-proof equipment, properly

installed wiring, and non-sparking tools are used.


TEA is listed as a hazardous substance under CERCLA only on the

basis of its flammability. TEA is not regulated by RCRA (i.e.,

the RCRA Solvents List) nor by TSCA (i.e., the TSCA Reporting

Chemical List).


Toxicity studies have been conducted with TEA on laboratory rats

by the National Institute for Occupational Safety and Health in

Cincinnati, Ohio. No adverse effects were observed in rats

exposed to 250 ppm TEA vapor for six hours per day, five days

per week, for six months. When TEA levels were raised to 1,000

ppm for six hours per day for ten days, the rats showed damage

to mucous membrane in nasal passages, trachea, and lungs. In

none of these studies was there evidence of carcinogenic

properties.
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RCC bench test protocols were developed to simulate the process

dynamics of their 100-ton-per-day pilot-scale treatment unit,

which was used successfully to remediate a Georgia Superfund

site. Therefore, it is expected that these bench-scale results

can be achieved in a full-scale unit deployed for New Bedford

Harbor. At the present time, RQC.is testing a different method

of processing using Littleford rotary washer-dryer units.

These unicc are readily available and are useJl extensively in

the chemical processing industry. One major advantage of this

processing system is that sediment-solvent mixing is more

uniform, thereby increasing the extraction efficiency per stage

(or wash cycle). In addition, the sediment is not moved from

one reaction stage to the next, which simplifies material

handling. RCC is currently testing the new processing

hardware. Pilot-scale tests on New Bedford Harbor sediment

would be necessary before implementing this new system.


Costs for treating New Bedford Harbor sediment using the BEST

process were estimated by RCC to be $70 per ton and $143 per

ton, based on 450,000 cy and 46,000 cy of sediment treated,

respectively. These costs do not include the disposal of the

extracted PCB/oil fraction. Estimates obtained by RCC for the

incineration of PCB-containing oil at an approved off-site

facility ranged from $0.11 to $0.33 per pound (including

transportation) (RCC, 1988a).


The BEST process was retained as a viable solvent extraction

technology for treating New Bedford Harbor sediment. Results of

the solvent extraction bench test indicate that efficient

removal of PCBs is possible. This technology is also

commercially available at the present time.


Solvent Extraction - Liquified Gas Extraction. In July 1988,

the EPA Superfund Innovative Technology Evaluation (SITE)

program selected New Bedford Harbor as the demonstration site

for a pilot-scale -test: of CF System's liquified gas extraction

process (SAIC, 1988). The demonstration took place at New

Bedford Harbor during the fall of 1988. CF Systems uses propane,

which is heated and compressed to a liquid state. The combined

properties of gas diffusivity and liquid solvency allow the

liquified propane to mix readily with PCB-contaminated sediment,

extracting the PCBs.


Results of the pilot test are summarized in Table 5-4. Although

PCB removal efficiencies of +96 percent were achieved, multiple

passes (up to ten) were required to obtain these results. Based

on the test data, it was estimated that six passes would be

required to treat a 2,450-ppm sediment to a level of 100 ppm.

An additional nine passes would be required to achieve a level

of 10 ppm, the apparent lower limit of treatment for the CF

Systems process based on current operating conditions and
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equipment configuration (SAIC, 1989). Multiple passes to 
achieve high removal efficiencies would significantly reduce 
throughput rates for this extraction technology. A material 
balance of the system indicated that 93 percent of the total 
solids mass was recovered, but only 44 percent of the known mass 
of PCBs was accounted for in effluent streams (SAIC, 1989). 

A number of equipment and materials handling problems were 
experienced during the pilot demonstration, including the 
following (SAIC, 1989): 

• plating of PCBs on the internal surfaces of the 
extraction vessels and piping 

• foaming of propane 

• carry over of solids in the extract samples 

• fluctuations in solvent flow and solvent/feed 
rates 

• mean operat ing capaci ty of approximate ly two 
(55-gallon) barrels per day versus a claimed feed 
capacity of 20 barrels per day 

Costs for treating New Bedford Harbor sediment using the 
liquified gas extraction process are not available at this time. 

Liquified gas extraction was not retained as a viable treatment 
technology at this time for treating New Bedford Harbor 
sediment. Problems with materials handling, system operating 
parameters, extraction efficiencies, and low throughput rates 
observed during the New Bedford pilot demonstration suggest 
fur ther research and development is necessary prior to 
full-scale implementation. 

Alkali Metal Dechlorination. Galson Research Corporation 
(Galson) conducted a bench-scale study of their KPEG process 
( G a l s o n  , 1 9 8 8 a )  . I  n t h  e K P E  G p rocess  , po t a s s ium 
hydroxide/polyethylene glycol (KPEG) reagent is mixed with 
PCB-contaminated sediment to form a slurry. The mixture is 
heated, causing the dechlorination of PCBs to biphenyl ether. 
The reaction products of this process are reportedly nontoxic 
and nonmutagenic (Galson, 1988a). 

Results of Galson's bench test, summarized in Table 5-4, 
indicate that PCB removal efficiencies of +99 percent were 
achieved for both the high- and low-level sediment samples 
tested (initial PCB concentrations of 7 ,300 and 440 ppm, 
respectively). PCB concentration in the treated residue was 3.5 
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ppm for the high-level sediment sample after 12 hours of

treatment, and 0.7 ppm for the low level sediment sample after 9

hours (Galson, 1988a). These results, however, are based on a

sediment-solids recovery averaging only 43 percent. Reagent

recoveries ranged from a high of 110.8 percent for the

polyethylene glycol (PEG) reagent to a low of 75.5 percent for

the dimethylsulfoxide reagent. The relatively low reagent and

sediment-solids recovery suggests that material handling

problems would have to be addressed in a full scale operation.


Costs for treating New Bedford Harbor sediment using the KPEG

process were estimated by Galson to be $98 per ton and $120 per

ton, based on 500,000 cy and 50,000 cy of sediment treated,

respectively.


A pilot-scale study of Galson's KPEG process was conducted at

the Wide Beach Superfund Site in Irving, New York, in October

1988 (Galson, 1988b). Processing rates for this study were

based on 200 pounds of soil per batch run. Initial PCB

concentrations for two runs were 30 ppm (Run 1) and 260 ppm (Run

2). Final PCB concentrations were 0.7 ppm (Run 1) and 1.7 ppm

(Run 2) . No data on reagent or solids recovery were provided in

the preliminary report.


In general, the KPEG process has been demonstrated to be

effective at removing PCBs from soil matrices at the bench-scale

level. However, there are several unresolved issues concerning

this process: (1) other than the reagents, no data or

information exist on the chemical composition of the reaction

products which could potentially be hazardous; (2) toxicity

testing of these products needs to be investigated further; (3)

materials handling would appear to be a major problem in terms

of solids and solvent recovery; (4) the lengthy reaction times

for this process (hours) raise questions regarding throughput

rates; and (5) unlike the CF Systems pilot demonstration, the

KPEG process has not been demonstrated on a pilot-scale level

•that simulates an integrated system of reactor hardware and

material handling that would be implemented on a commercial

scale.


Alkali metal dechlorination was not retained for New Bedford

Harbor. The disadvantages of this process, particularly the

lack of information and data from a well-designed pilot study,

outweigh the bench-scale performance achieved for New Bedford.


Solidification. A bench-scale study of solidification/stabili-

zation was conducted by USAGE as part of their EFS (Myers and

Zappi, 1989) . Composite sediment samples containing PCBs and

metals were processed using three solidification/stabilization

technologies: (1) Portland cement; (2) Portland cement with

Firmex proprietary additive; and (3) Silicate Technology

Corporation proprietary additive. The treated sediment was
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subjected to physical strength and chemical leach tests to 
evaluate the effectiveness of solidification/stabilization. 

Results of the solidification/stabilization study are presented 
in Table 5-4. In general, solidification/stabilization was 
found to be an effective method for immobilizing PCBs, cadmium, 
and zinc in New Bedford Harbor rediment. The apparent 
mobilization o2 copper and nickel may be due to changes in the 
interphase transfer processes for these two metals; however, 
this has not been confirmed. It is anticipated that, given the 
numerous commercial processes available, a formulation of 
solidifying agents is available to immobilize all heavy metals. 

Costs for t reat ing New Bedfor  d Harbor sediment using 
solidification/stabilization range from approximately $82 per 
ton to $97 per ton, based on 4 4 0 , 0 0  0 cy and 2 4 , 0 0  0 cy of 
sediment treated, respectively (E.G. Jordan Co./Ebasco, 1987c). 

Solidification/stabilization was retained as a viable sediment 
treatment technology for New Bedford Harbor. This technology 
could be applied as a primary treatment for PCB and metal 
contaminated sediment, or as a secondary treatment for metals 
following a technology such as incineration or solvent 
extraction, which would remove PCBs. 

Vitr if icat ion. Battelle Pacific Northwest Laboratories 
conducted a bench-scale test of modified in-situ vitrification 
of New Bedford Harbor sediment (Battelle, 1988) . In the 
vitrification process, electric current is applied to molybdenum 
electrodes inserted in PCB-contaminated sediment. Temperature 
in excess of 3 ,600 degrees Fahrenheit destroys the organics 
(PCBs) and encapsulates the metals in a glass-like solid matrix. 

Results of Battelle's vitrification bench test are summarized in 
Table 5-4. Vitrification was found to be a highly effective 
method of destroying PCBs in New Bedford Harbor sediment. In 
addition, vitrification provided an effective method of 
immobil iz ing heavy metals by encapsulating them in the 
glass-like residue. 

Costs for treating New Bedfo r  d Harbo  r sediment us in  g 
vitrification were estimated by Battelle to be $310 per ton and 
$290 per ton, based on 50,000 cy and 500,00  0 cy of sediment 
treated, respectively. 

Although results of the bench test were favorable, vitrification 
was not retained as a viable technology for treating New Bedford 
Harbor sediment. Modified in-situ vitrification has not been 
demonstrated on a pilot- or full-scale for sediment or other 
high-moisture-content materials. Because vitrification could 
not be applied as an in-situ treatment method at New Bedford 
Harbor, a processing system would have to be developed to 
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vitrify batches of sediment. Currently, there has been no

hardware design completed. This fact, coupled with the very

high costs of treatment, make vitrification less attractive than

incineration.


Advanced Biological Treatment. Radian Corporation conducted a

bench-scale study of aerobic biological treatment of New Bedford

Harbor sediment containing PCBs (Radian, 1989). Advanced

biological treatment of sediment PCBs would be conducted in

hardware systems similar to those used for biological treatment

of wastewaters in municipal and industrial waste treatment

plants. These systems allow for enhancement and control of

biological degradative mechanisms to a greater degree than

natural or enhanced, in situ degradation.


Cultures of microbes from sediment sources in the New Bedford

Harbor estuary and from an anaerobic digester used to treat

PCB-contaminated sewage sludge were acclimated to biphenyl as

the only carbon source. The enriched cultures were then

switched to PCB-contaminated sediment for test purposes.

Sediment from two specific sources were used to test PCB

degradation. One source contained relatively high

concentrations of PCBs (greater than 3,000 ppm), and the second

source contained lower concentrations of PCBs (less than 1,000

ppm). Presumptive testing was performed to determine if a net

loss of PCBs occurred within the treatment system. Confirmation

testing was performed to determine if any net loss observed was

due to microbial metabolism.


The presumptive tests consisted of operating laboratory-scale

aerobic reactors in a daily draw and fill mode with an average

hydraulic retention time of 14 days. Results of the presumptive

tests indicted a reduction in PCB concentration was obtained in

both the high and low PCB level sediment (Radian, 1989) :


• The overall reduction of PCBs ranged from 13-15 percent

for the high level sediment reactors, and 30 percent

for the low level sediment reactors;


• By isomer groups, the PCB reduction was greater for the

less chlorinated species. For the high level sediment,

dichlorobiphenyls were reduced 62 to 70 percent and

trichlorobiphenyls 32 to 40 percent. There was little

removal of the higher chlorinated species;


• For the low level sediment, some reduction in the

levels of tetra- and pentachlorobiphenyls were noted

along with the removal of di- and tri-isomer groups.


• Dichlorobiphenyls were reduced 79 to 82 percent,

trichlorobiphenyls 48 percent, tetrachlorobiphenyls 14

percent, and pentachlorobiphenyls 6 percent.
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The goal of the confirmation tests was to determine the amount 
of PCBs removed by biological mechanisms by performing a PCB 
mass balance around the batch operated reactors. However, the 
initial PCB level in the control digester was found to be twice 
that in the test reactors. Therefore, the amount of PCBs 
removed by biological mechanisms could not be differentiated 
from the amount of PCBs removed by physical/chemical processes 
( R a d i a n  , 1989)  . The patter  n of PCB reduction in the 
confirmation tests was similar to that observed in the 
presumptive tests (Radian , 1989)  : 

• The overall reduction of PCBs ranged from 27 to 70 
percent for the high level sediment reactors. 
Dichlorobiphenyls were reduced 83 to 100 percent and 
trichlorobiphenyls were reduced 64 to 87 percent. For 
the higher chlorinated groups, the reduction ranged 
from 0 to 7 percent in one reactor to 51 to 100 percent 
in another reactor. The reason for the wide range in 
percent removal of these higher chlorinated groups is 
unknown. 

• For the low level sediment reactors, dichlorobiphenyls 
were reduced 39 to 50 percent. Little or no removal of 
higher chlorinated groups was observed. 

Radian noted that the formaldehyde added to the control reactors 
to inhibit biological growth affected the PCB analyses. Initial 
PCB concentrations in the control reactors were approximately 
double the initial PCB levels in the test reactors. 

The results of the Radian tests indicate that a microbial 
culture capabl  e of degrading PCBs in a brackish water 
environment such as the estuary in New Bedford Harbor can be 
developed. However, these results also indicate that only 
dichlorobiphenyls and trichlorobiphenyls were degraded to a 
significant extent under conditions simulating a full-scale 
aerobic system designed to treat large volumes of sediment. 

The scope of work conducted by Radian did not include the 
generat io  n of kinet i  c data on PCB destruction or the 
optimization of process parameters. Radian suggested several 
potential mechanisms for enhancing the rate of PCB degradation: 
increasing the desorption rate, enhancing cometabolism, and 
man ipu l a t i n  g reactor operat io  n mode s an d popula t io  n 
characteristics. However, Radian also noted that none of these 
methods would be practical for treating New Bedford Harbor 
sediment unless a mechanism was developed for degrading all PCB 
isomer groups. 

Costs for treating New Bedford Harbor sediment using advanced 
biological methods are unavailable due to insufficient data on 
these processes. 
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Based on preliminary results, advanced aerobic biological 
treatment was not retained as a viable treatment technology for 
New Bedford Harbor. Considerable research and process 
development is needed to understand the mechanisms and kinetics 
that are prerequisites to designing and implementing a 
full-scale treatment system capable of degrading all PCB isomer 
groups. Lack of specific information makes it difficult to 
compai  e the effectiveness, implementation, and cost of 
biological treatment with other treatment technologies that are 
further developed. 

Sediment Dewatering. OH Materials (OHM) Corporation conducted a 
bench-scale dewatering test on New Bedford Harbor sediment 
collected in the upper estuary (OHM, 1988). Although dewatering 
technologies are proven, this test was conducted to determine if 
existing equipment could effectively dewater New Bedford Harbor 
sediment as a precursor step to treatment or disposal. The test 
was conducted using a bench-scale chamber plate and frame 
press. This device simulates the full-scale, trailer-mounted 
units commercially available. 

Results of the dewatering test, summarized in Table 5-4, 
indicate that New Bedford Harbor sediment can be effectively 
dewatered to achieve a volume reduction of 50 percent and a cake 
solids content of up to 62 percent. The compression strength of 
the filter cake was measured at 1.25 tons per square foot. 
Dewatering New Bedford Harbor sediment would be a necessary 
first step prior to implementation of treatment technologies 
(e.g., incineration). 

The costs for dewatering New Bedford Harbor sediment was 
estimated by OH Materials to be $45 per cubic yard ($31 per ton) 
based on 600,000 cy in situ. 

5.3.2.2 Water Treatment 

Treatment of liquid wastestreams generated as a result of 
remedial activities (e.g.  , dredging and sediment dewatering 
prior to treatment) at New Bedford Harbor will be necessary to 
remove PCB and metal contaminants prior to discharge. These 
contaminants will exist both in the dissolved phase and be 
absorbed to suspended solids. 

Water treatment technologies such as chemical clarification and 
carbon absorption have been proven at full-scale. Most of these 
technologies were developed for the treatment of municipal and 
industrial wastewater and are therefore considered applicable 
for treating the liquid wastestreams that would be generated at 
New Bedford Harbor. Detailed descriptions of water treatment 
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technologies are presented in the E.G. Jordan Co./Ebasco report

(1987C).


As part of their EFS, USAGE conducted bench- and pilot-scale

studies of procedures to improve the quality of effluent,

generated from the placement of dredged sediment in a CDF, prior

to discharge (Wade, 1988). These studies consisted of

bench-scale tattling tests, chemical clarificat-on tests, and

pilot-scale tests of wastewater treatment.


Settling tests were conducted in laboratory columns to develop

data for predicting the settling behavior of New Bedford Harbor

sediment. Sediment that remains in the water column as

suspended solids constitute a significant source of PCB and

metal contamination absorbed to the sediment particles. In

addition, the suspended solids can interfere with the water

treatment process itself. The settling tests were conducted on

three sediment types: (1) a composite sediment sample collected

from the upper estuary; (2) sediment collected from the Hot

Spot; and (3) potential capping sediment. Compression and

flocculant settling tests were run on all three sediment types;

zone settling tests were run on the estuary composite sample

only. Details of test procedures are presented in the Wade

report (1988).


Chemical clarification jar tests were conducted to evaluate the

effectiveness of various polymers for the removal of suspended

solids in the CDF effluent that would not settle by gravity.

The tests were conducted only on the upper estuary sediment

sample using numerous cationic and anionic polymers in liquid,

emulsion, and dry forms. Details of the polymers used and the

test procedures are presented in the Wade report (1988).


Based on results of the bench-scale settling and chemical

clarification tests, USAGE concluded the following (Wade, 1988) :


• Settling tests for the upper estuary composite, Hot

Spot, and potential capping sediment samples exhibited

zone settling behavior typical of other saline sediment

tested.


• The Hot Spot sediment is not expected to densify to as

great a solids concentration in a confined disposal

facility as the upper estuary composite or potential

capp ing s ed iment.


• Effluent total suspended solids concentrations after 24

hours of settling were 140, 151, and 150 mg/1 for the

upper estuary composite, Hot Spot, and potential

capping sediment, respectively.
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• Chemical clarification using polymers is an effective

treatment for removing suspended solids from CDF

effluents. Best polymer performance was achieved using

Magnifloc 1586C, which removed 82 percent of the

suspended solids (42.5 mg/1 TSS residual).


• Low-viscosity, highly cationic emulsion polymers were

found to be «_ne most effective, economical, and

simplest to use in order to achieve reduction of

suspended solids.


Only one polymer was tested during the pilot study, Magnifloc

1596C, a more recent polymer mix produced by Cyanamide and

similar to Magnifloc 1586C. This polymer was added to the

effluent in the secondary cell of the CDF. The results indicate

that Magnifloc 1596C was not as effective during the pilot study

in removing suspended solids from CDF effluent compared with

results obtained during the bench tests (Averett, 1989) . The

polymer did significantly reduce suspended solids levels in the

CDF discharge when these levels were high (i.e., 880 mg/1) at

the primary weir. The polymer was also toxic to the organisms

used by EPA Narragansett in their toxicity testing. USAGE

recommends that inorganic coagulants (e.g., alum, ferric

chloride, and lime), alone or in combination with polymers,

should be evaluated for potential application in removing

suspended solids from New Bedford wastewaters where effluent

treatment is required and a treatment plant is employed

(Averett, 1989).


Pilot-scale tests of carbon adsorption and ultraviolet

(UV)/peroxide treatment to remove dissolved PCBs and metals from

the CDF effluent were conducted during the USAGE pilot dredging

and disposal study. Commercial carbon and UV/peroxide treatment

units were installed and maintained by Peroxidation Systems of

Tucson, Arizona. Effluent from the CDF was passed through a

coarse sand filter to remove suspended solids prior to carbon or

UV/peroxide treatment.


Bench-scale results indicate that carbon adsorption appears to

be effective in reducing the dissolved concentrations of PCBs.

However, data from the pilot study indicate that for influent

concentrations near 1 ppb, carbon adsorption was ineffective in

further reducing the PCB concentration. USAGE noted that flow

rate and contact time are critical parameters in maximizing the

effectiveness of carbon adsorption. In addition, adsorption

isotherms generated during laboratory tests indicate that

adsorption of PCBs onto carbon will be a relatively inefficient

process for treating New Bedford Harbor wastewaters (Averett,

1989) . The significance of this finding is that high doses of

carbon may be required to bring effluent PCB concentrations down

to the 1-ppb level. A possible explanation for the low

efficiency may be that a substantial fraction of the PCBs
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remains adsorbed to colloidal particles, which pass through the

sand filters and the carbon columns (Averett, 1988). Removal of

this colloidal fraction (and associated PCBs) using microfilters

may be necessary prior to final polishing by the carbon

columns. Further tests are warranted before final design of the

water treatment system.


The UV/peroxide system appeared to be effective in reducing

dissolved PCB concentrations. An influent PCB concentration of

approximately 10 ppb was reduced to 1.5 ppb following treatment

(Averett, 1989). Additional sample analyses are currently being

conducted to verify this result.


5.3.2.3 Summary


Three sediment treatment technologies were retained for the

development of alternatives: incineration, solvent extraction,

and solidification. Sediment dewatering using a plate and

frame, or belt-filter press, appears to be effective for New

Bedford Harbor sediment and will be retained as a supporting

technology. Dewatering might also be used to reduce the volume

of dredged sediment prior to final disposal in CDFs.


Chemical clarification was retained as a method of reducing

suspended solids in wastewater streams generated during remedial

action at New Bedford Harbor. Although the polymers that were

effective in bench scale studies were not effective at full

scale, it is assumed that additional bench- and/or pilot-scale

tests will identify inorganic coagulants that are effective in

removing suspended solids and associated absorbed PCBs and

metals.


Carbon adsorption and UV/peroxide appear to be effective methods

for the removal of dissolved PCBs and metals in wastewater

streams. Additional tests are needed to optimize the efficiency

of carbon adsorption and to address potential adverse effects to

biota from peroxide residuals.


5.3.3 Disposal


Four types of disposal technologies and/or siting options were

retained from the screening process for further evaluation:

in-harbor disposal technologies such as CAD cells; shoreline

(i.e., within the influence of normal tidal fluctuations)

disposal technologies such as CDFs; upland (i.e., areas not

influenced by tidal waters or located at a distance from the

harbor area) disposal sites; off-site disposal facilities (at

permitted facilities).


In-harbor and shoreline disposal of contaminated sediment in

CDFs and CADs was thoroughly evaluated by USAGE as part of the

EFS. An overview of the WES laboratory tests is presented by
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Averett and Francingues (1988). An overview of the pilot

disposal study is presented by Otis and Averett (1988).


Disposal of PCB and metal contaminated sediment in upland

disposal locations in the New Bedford Harbor area but away from

the harbor, or in offshore (i.e., ocean) disposal locations was

eliminated from further consideration. Although these disposal

options are technically feasible, lac., of suitable sites,

permitting conflicts, and discussions with representatives of

EPA Region I, Massachusetts Department of Environmental Quality

Engineering (DEQE) , and members of the New Bedford Harbor

Community Work Group indicate that neither disposal option would

be acceptable. Both options are actively being discouraged in

the current regulatory environment.


Off-site disposal of contaminated sediment at permitted landfill

facilities was retained for alternative development. However,

use of off-site disposal would depend on the available capacity

and permit status of the disposal facility receiving the

material.


5.3.3.1 USAGE Laboratory Studies


Laboratory tests were conducted to provide data and information

to assess the CDF/CAD volume required for the disposal of

dredged sediment, and to determine the efficiency of the CDFs

and CADs in containing the contaminants. These tests and the

results are described in the following paragraphs.


Settling tests on composite sediment samples collected from the

upper estuary were conducted to evaluate the consolidation

characteristics of the dredged sediment. These tests were

described in detail by Wade (1988). This information is

important in determining the storage capacity of the CDF and CAD

facilities and the feasibility of depositing dredged sediment in

a CAD cell. USAGE used results of these tests to determine that

the CDF volume required for dredged sediment storage would be

approximately 1.4 times the in-situ sediment volume. Maximum

consolidation of the sediment would occur three to five years

after placement (Averett and Francingues, 1988).


Capping effectiveness tests were conducted to determine the

thickness of clean material that would have to be placed over

contaminated sediment in CADs to isolate contaminants from the

overlying water column. Results of these tests indicated that a

cap thickness of 35 cm would provide an adequate chemical seal

(Sturgis and Gunnison, 1988). An additional 20 cm would be

required to prevent breaching of the cap by burrowing organisms

(i.e., bioturbation). The required total cap thickness of 55 cm

does not take into consideration erosion and resuspension of cap

material due to hydrodynamic forces.
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Elutriate and saltwater batch leaching tests were conducted on

composite and Hot Spot sediment samples to predict the quality

of water (leachate) that would potentially be released through

the bottom and sides of an unlined CDF containing contaminated

sediment from these areas (Averett, 1988). These tests were

also used to predict the release of contaminants into the water

column as a result of dredging operations. Results indicated

that the mean elutriate dissolved PCB concentration was o.li

mg/1. This concentration exceeds the marine water quality

criteria (0.01 mg/1). Heavy metal concentrations for copper

(0.057 mg/1) and cadmium (0.11 mg/1) also exceeded marine water

quality criteria (0.0029 mg/1 for copper and 0.043 mg/1 for

cadmium) (Averett, 1988).


Surface runoff water tests were conducted to predict the quality

of the surface runoff water from a CDF containing contaminated

sediment. The tests were conducted on wet unoxidized sediment,

and air-dried oxidized sediment. Details of these tests are

presented by Skogerbee, Price, and Brandon (1988). Results of

these tests indicated that proper management of a CDF to remove

particulates from surface runoff would remove 90 to 99 percent

of all contaminants (PCBs and metals) in the surface runoff,

concentrations of dissolved heavy metals (notably copper and

zinc) were found to equal or exceed EPA criteria. This finding

indicates that runoff treatment, capping, or immobilization of

the contaminants may be required to eliminate soluble heavy

metals in the surface runoff.


5.3.3.2 Conceptual Disposal Alternatives


Based on findings in the laboratory studies, USACE developed and 
evaluated conceptual disposal alternatives for New Bedford 
Harbor. The effectiveness, technical feasibility, and cost of 
various design options for the deposit ion of dredged 
contaminated sediment in CDFs and CADs located in the upper 
estuary were evaluated using the EPA CERCLA criteria for 
evaluating remedial alternatives prescribed for Superfund 
sites. A thorough presentation of this work is given by Averett 
and Palermo (1988). Further discussion of these design options 
as remedial alternatives for the estuary will be presented in 
the FS of remedial alternatives for the estuary and lower 
harbor/bay, which is currently being prepared. 

5.3.3.3 USACE Pilot Study of Disposal Alternatives 

A CDF and a CAD cell were constructed during the pilot study in 
order to evaluate the effectiveness of these disposal options in 
containing contaminated sediment. A monitoring program is 
currently underway to assess the long-term effectiveness of 
these disposal option, however, no data or information is 
available at this time. 
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5.3.3.4 Summary 

Off-site disposal of contaminated sediment in permitted landfill 
facilities, and disposal of contaminated sediment in in-harbor 
CADs and shoreline CDFs, were retained for the development of 
remedial alternatives. Studies conducted by USAGE indicate that 
CDFs and CADs appear to be viable technologies for long-term 
storage of contaminated sediment. The long-term effectiveness 
and technical feasibility of CDFs and CADs will depend on the 
selection of appropriate siting locations with respect to 
geotechnical properties of underlying strata; operational 
procedures to m i m i n i z  e sediment resuspension dur ing 
construction, filling, and capping of the CDFs and CADs; and 
proper management of CDFs and CADs in terms of long-term 
monitoring of structural integrity and potential leachate 
migrat ion, and treatment of any eff luents (Averett and 
Francingues, 1988). 

5.3.4 Containment and In-situ Treatment 

Two containment options, capping and hydraulic controls, and two 
in-situ treatment options, biodegradation and solidification, 
were retained from the initial screening process for further 
evaluation. Details of the evaluation of these technologies are 
presented in E .G . Jordan Co./Ebasco (1987c). Results are 
briefly summarized in the following paragraphs. 

Capping of waste piles, impoundments, and abandoned uncontrolled 
hazardous waste sites has been a widely accepted practice for 
controlling infiltration of precipitation and subsequent 
leaching of wastes, or as a final remedial action, usually in 
combination with other technologies. Subaqueous application of 
caps is still considered experimental due to the difficulties of 
cap material placement and long-term maintenance of cap 
integrity. Cap placement in subaqueous environments can be 
accomplished using either hydraulic or mechanical methods. The 
long-term structural integrity of the cap will depend on the cap 
material selected and the local hydrodynamic forces that cause 
scouring and resuspension of cap material. Capping was retained 
as a viable technology for the in-situ containment of 
contaminated sediment in New Bedford Harbor. 

Hydraulic controls are barriers, constructed of granular 
material or sheet pile, which are placed around areas of 
contaminated sediment to achieve a maximum permeability of 
10 cm/sec. These barriers effectively isolate contaminants 
from surface water f low. Hydraulic controls would be 
implemented in conjunction with other technologies, such as 
dredging, deposition of sediment in CADs, or placement of 
subaqueous capping material. In these instances, hydraulic 
controls would serve to mitigate, if not eliminate, the 
migration of contaminated sediment resuspended during these 

5-36 



operations. However, results of the USAGE pilot dredging and 
disposal study indicate that the use of hydraulic controls will 
not be necessary, provided operational procedures designed to 
minimize sediment-contaminant resuspension are implemented. 
Therefore, hydraulic controls were eliminated from further 
consideration. 

In-situ biodegradation relies on nutrient enhancement for 
indigenous microbes and/or exogenous sources of microbes to 
degrade organic compounds. This technology should not be 
confused with natural in-situ biodegradation (discussed in 
Section 2) in which there is no manipulation of the environment 
to optimize degradation rates. In-situ biodegradation has been 
successfully applied to the treatment of groundwater and soil 
contaminated with volatile aliphatic and aromatic hydrocarbons. 
However, in-situ biodegradation of PCBs in marine sediment has 
not been successfully demonstrated. The logistics of 
controlling physiochemical parameters in unconfined sediment 
make it unlikely that any significant biodegradation could be 
accomplished. In-situ biodegradation was eliminated from 
further consideration. 

In-situ solidification is accomplished by injecting slurried 
cement into the sediment and mixing through rotary action 
utilizing specially designed drilling equipment. To date, 
in-situ solidification has been employed only in Japan to 
solidify and strengthen sediment. The method has been effective 
for its intended purposes; however, it has not been used to 
treat hazardous wastes in sediment. In-situ solidification of 
contaminated sediment at New Bedford Harbor does not appear to 
be practical for the following reasons (Jordan/Ebasco, 1987d) . 
The operation is usually conducted from a floating vessel with a 
draft of at least 10 feet. This would eliminate the use of this 
technology in the upper estuary where shallow (less than 6 feet) 
water conditions exist. The available performance data indicate 
that strengthening of the sediment increases with depth. This 
finding suggests that contaminants in the upper layers of 
sediment might not be completely immobilized. Quality control 
monitoring in a subaqueous environmental would pose substantial 
problems and probably could not be ensured. This implies that 
immobilization of the contaminants might not be achieved. For 
these reasons in-situ solidification of contaminated sediment 
was eliminated from further consideration. 

In summary, no in-situ treatment technologies were retained for 
New Bedford Harbor. Only capping was retained as a viable 
containment technology. Capping of contaminated sediment would 
most likely be implemented in select areas of New Bedford Harbor 
not subjected to strong hydrodynamic forces. Studies conducted 
by USAGE indicate that capping is technically feasible with 
proper operational procedures designed to minimize sediment 
resuspension. 
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5.4 REMEDIAL TECHNOLOGIES APPLICABLE TO THE HOT SPOT


Figure 5-3 presents the technologies that were selected for the

development of remedial alternatives for the Hot Spot. For

remedial alternatives that require removal of Hot Spot sediment,

the cutterhead dredge will be employed £s the first remedial

step. Options for alternatives employing sediment treatment as

a remedial component will consist of solvent extraction,

solidification (both as a primary and secondary treatment step),

and incineration. Process wastewater will be treated using

settling, chemical assisted clarification, carbon adsorption,

and/or UV/peroxide. Disposal options for treated or untreated

sediment will either be in shoreline CDFs, or off-site at

permitted disposal facilities. Capping will be the only option

considered for remedial. alternatives employing containment as

the general response action.
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6.0 DEVELOPMENT AND SCREENING OF REMEDIAL ALTERNATIVES


This section describes the development and screening of remedial 
alternatives for the Hot Spot area in the Acushnet River Estuary 
of New Bedford Harbor. The development of remedial alternatives 
is the final step in Phase I of the FS process, as outlined in 
the EPA OSWER Directive (EPA, 1988). The screening of remedial 
alternatives comprises Phase II of the FS process. The 
alternatives remaining after the screening step will be carried 
into Phase III of the FS process, which is the detailed 
evaluation of alternatives (see Section 7 . 0 )  . 

This section also contains a discussion of treatment site 
selection. Potential sites for treatment of the Hot Spot 
sediment are identified and ranked accordin g to their 
feasibility as a treatment location. The actual treatment 
location has not been determined. The final site selection will 
be chosen based on land availability, cost, and community and 
state input. 

6.1 DEVELOPMENT OF REMEDIAL ALTERNATIVES


Using information presented in Section 5 .0  , applicabl  e 
combinations of technologies were developed into remedial 
alternatives capable of meeting the response objectives outlined 
in Section 4 . 0 . In accordance with SARA, the range of 
alternatives to be developed and screened should include: 

• the no-action alternative 

• an alternative that permanently and significantly 
reduces the mobility, toxicity, or volume of hazardous 
waste 

• an alternative that involves on-site containment 

For ease of analysis, the alternatives developed were subdivided 
into nonremova l and removal alternatives. Nonremoval 
alternatives, which leave the source material in-place, include 
no-action and containment. Removal alternatives require 
PCB-contaminated sediment to be removed before treatment and/or 
disposal. 

Flow diagrams were prepared to enable visualization of the 
development of alternatives and to summarize results of the 
alternative development step. Figure 6-1 illustrates the range 
of nonremoval alternatives that are potentially applicable to 
the Hot Spot area. Figure 6-2 presents the range of removal 
alternatives potentially applicable to the Hot Spot area. The 
removal alternatives can be subdivided into disposal and 
treatment alternatives. Disposal alternatives include removal 
of the contaminated sediment and disposal without sediment 
treatment. Treatment alternatives include treatment of the 
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FIGURE 6-1 
DEVELOPMENT OF NONREMOVAL ALTERNATIVES 

HOT SPOT FEASIBILITY STUDY 
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HS-NA-1 NO-ACTION ALTERNATIVE 
This alternative consists of maintaining signs, fences, and local PCB-reiated educational pro
grams. In addition, environmental monitoring will need to be conducted to assess contamination 
movement and natural attenuation. 

HS-CONT-1 
Cover contaminated sediment with a 3-foot layer of sand/silt or clean sediment. Armor erosional 
areas with graded rip-rap. 

HS-CONT-2 
Dredge the soft sediment around the Hot Spot area, construct an embankment around the Hot 
Spot, treat contaminated water, stabilize sediment with sand; install a synthetic cap, and treat 
contaminated water. 
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FIGURE 6-2 
DEVELOPMENT OF REMOVAL ALTERNATIVES 
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HS-DISP-1 
Dredge the Hot Spot sediment; temporarily store the contaminated sediment; dredge the clean sediment 
below the Hot Spot; temporarily store clean sediment; dispose contaminated sediment in-harbor in a 
contained aquatic disposal (CAD) site. 

HS-DISP-2 
Dredge and dewater Hot Spot sediment; treat process water; dispose of sediment in an out -of-state 
TSCA/RCRA landfill. 

HS-TREAT-1 
Dredge the Hot Spot sediment; dewater the sediment; incinerate the Hot Spot sediment on-site; solidify the 
ash to prevent leaching of metals. Shoreline/island disposal of detoxified, solidified ash, water treatment 
of process water. 

HS-TREAT-2 
Dredge the Hot Spot sediment; dewater the sediment; solidify the sediment; dispose of solidified sediment 
off-site in an existing TSCA/RCRA landfill; treat process water. 

HS-TREAT-3 
Dredge the Hot Spot sediment; dewater the sediment (if needed); treat sediment by solvent extraction; 
incinerate solvents off-site; solidify treated sediment to immobilize inorganic metals; shoreline /island 
disposal of detoxified, solidified sediment; water treatment of process water. 

HS-TREAT-4 
Dredge the Hot Spot sediment; dewater the sediment; transport off-site to a licensed incinerator; incinerate 
and dispose of ash in an out-of-state RCRA facility. 
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sediment and, in some cases, treatment of the process residual 
(e.g., solidification of incinerator ash), followed by disposal 
of residuals. 

The alternatives are described briefly in Figures 6-1 and 6-2. 
Detailed descriptions for each of the alternatives are in 
Subsection 6.3. 

6.2 CRITERIA FOR SCREENING REMEDIAL ALTERNATIVES 

The remedial alternatives developed in Subsection 6.1 were 
screened based on the evaluation criteria described in Section 
121 of SARA. The objective of this screening step is to 
eliminate from further consideration any alternatives that are 
undesirable with respect to effectiveness, implementability, and 
costs, while still preserving a range of options. The 
evaluation criteria for each category (i.e., effectiveness, 
implementability, and cost) are described in the following 
subsections. 

6.2.1 Effectiveness


Each alternative was judged for its ability to effectively 
protect public health and the environment by reducing the 
mobility, toxicity, or volume of contaminants. Short-term 
protectiveness involves reducing existing risks to the community 
and workers during implementation of remedial actions. The 
ability of an alternative to meet ARARs, as well as comply with 
other criteria, advisories, and guidel ines , was also 
considered. Time required for the remedial alternative to 
achieve the desired result was also considered, including the 
potential length of exposure to which the local populace may be 
subjected. Long-term protectiveness criteria considered the 
magnitude of residual risk and the long-term reliability 
associated with the alternative. The alternative was evaluated 
for its effectiveness in preventing further exposure to residual 
contamination and reduction in the potential for PCB migration. 

6.2.2 Implementabilitv


Each alternative was evaluated in terms of implementability, 
technical feasibility, administrative feasibility, and resource 
availability. Each criterion was again divided into short- and 
long-term categories. Factors considered for short-term 
technical feasibility were the ability to construct the given 
technology, short-term reliability of the technology, and 
compliance with action-specific ARARs. Long-term technical 
feas ibi l i ty factors considered the ease of undertaking 
additional remedial action if necessary, the ability to monitor 
effectiveness of the given remedy, and the ability to perform 
O&M functions. Administrative feasibility for implementing a 
given technology addressed the ability to obtain approvals from 
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other agencies, the likelihood of favorable community response,

the need to coordinate with other agencies, and the need to

comply with location-specific ARARs.


The extent to which a given technology could be implemented was

also dependent on the availability of treatment, storage, and

disposal services and capacities, and on the availability of

necessary equipment and specialists.


6.2.3 Cost


The final criterion for the initial screening of alternatives

was the cost associated with the given remedy. Short-term costs

included development and construction costs, operating costs for

implementing the remedial action, and other capital and

short-term costs associated with completing the alternative.

Long-term costs considered were O&M for the required duration,

five-year reviews, and potential future remedial action.


For each alternative, a matrix was developed highlighting its

advantages and disadvantages with respect to effectiveness,

implementability, and cost. The alternative evaluation matrix

presents a clear, concise procedure for screening potential

remedial alternatives. Based on this matrix, a decision was

made to either retain the alternative for detailed evaluation or

eliminate the alternative from further consideration. This

decision is documented in Subsection 6.4.


6.3 SCREENING OF REMEDIAL ALTERNATIVES


Each alternative developed in Subsection 6.1 was screened

against criteria presented in Subsection 6.2 to determine

whether it should be carried into detailed evaluation. For each

alternative, the following four items are provided:


• description

• evaluation against the screening criteria

• alternative evaluation matrix

• conclusion


6.3.1 No-Action Alternative HS-NA-1


Description. The no-action alternative consists of leaving the 
Hot Spot sediment in place. A "do-nothing" no-action 
alternative was not developed for the Hot Spot due to the 
magni tud e of PCS contamination. Instead the no-action 
alternative HS-NA-1 is a limited action alternative and consists 
of site fencing, posting, institutional controls, etc. A site 
perimeter fence would be located along the western shore of the 
Acushnet River and warning signs would be posted at appropriate 
intervals to limit public access to the Hot Spot area. Warning 
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signs would be posted in English and Portuguese; the latter to 
assist the local populat io  n of Portuguese-Americans. 
Institutional controls would be required to place restrictions 
on future site development. Institutional controls would be 
drafted, implemented, and enforced in cooperation with state and 
local governments. 

To determine contaminant migration, natural attenuation, and 
biodegradation, and to assess exposure risks over time, an 
environmenta  l monitoring program would be implemented. 
Monitoring would include periodic surface water, biota, and 
sediment sampling in the Acushnet River Estuary. Data collected 
as part of the environmental monitoring program would be 
evaluated during the required five-year review, with 
recommendations made for further remedial action at that time. 

Effectiveness. The no-action alternative would have minimal 
short-term effects because the sediment within the Hot Spot area 
would remain accessible to environmental receptors and transport 
mechanisms. Worker safety associated with the installation of 
signs and fences would not be a factor because workers would not 
be exposed to the contaminated sediment. Workers collecting 
samples as part of the five-year reviews would be required to 
wear appropriate health and safety equipment. There would be 
minimal long-term effectiveness with the no-action alternative. 
Natural processes such as biodegradation, sedimentation, and 
dispersion would gradually lower the food-chain exposure. 
However, the PCB-contaminated sediment would remain in the 
estuary and continue to act as a source to the rest of the 
harbor. Public health and environmental risks would not be 
mitigated to acceptable levels. 

Implementability. The no-action alternative would be easy to 
implemen t f r o  m a technical viewpoint. Signs, fences, 
educational programs, and environmental -monitoring programs are 
all common technologies and readily available. The 
administrative feasibility of this alternative, however, is 
expected to be poor. The no-action alternative would likely 
raise opposition from the Commonwealth of Massachusetts, as well 
as the local community. In addition, the institutional controls 
necessary to ensure the effectiveness of this alternative are 
expected to be difficult to establish and maintain. 

Cost. The no-action alternative would require minimal capital 
and/or construction costs; however, costs would be incurred for 
long-term environmental monitoring, administration associated 
with implementing institutional controls, five-year reviews 
mandated by SARA, and potentially, future remedial action cost 
increases. The cost for this alternative is estimated to be 
$450,000. 
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Figure 6-3 summarizes the screening evaluation for the no-action

alternative.


Conclusion. The no-action alternative will be carried into

detailed analysis as required by the NCP. It will serve as the

baseline for comparison of the other Hot Spot alternatives.


6.3.2 Containment Alternative HS-CONT-1


Description. This alternative consists of covering

PCB-contaminated sediment with a 3-foot layer of sand/silt or

uncontaminated material collected from Buzzards Bay and

transported to the Hot Spot area. USAGE recommended a minimum

in-place cap thickness of 1.8 feet. The practical design

thickness for construction feasibility and reliability is 3

feet. The purpose of this cap is to provide a chemical seal and

ensure isolation of contaminated sediment from burrowing

organisms (i.e., bioturbation) . Construction of this cap is

estimated to require approximately 25,000 cy of uncontaminated

material. If dredged material from Buzzards Bay is used, this

alternative would be inexpensive when compared to the other

alternatives. Rip-rap and other erosion protective devices

(e.g., fabric filter blankets) would be required in Hot Spot

areas, which are subject to erosion by local hydrodynamic

forces.


To determine contaminant migration and natural attenuation, and

to assess exposure risks over time, an environmental monitoring

program would be implemented. Monitoring would include periodic

surface water, biota, and sediment sampling in the Acushnet

River Estuary. Data collected as part of the environmental

monitoring program would be evaluated during the required

five-year review, with recommendations made for further remedial

action at that time.


Effectiveness. The implementation of this alternative is

expected to have significant short-term impacts to the estuary

and the rest of New Bedford Harbor. Studies by USAGE have shown

that boat traffic and associated propeller wash have caused

release of oil containing PCBs from the Hot Spot sediment as

observed from the floating oil sheen (Teeter, 1988) . Cap

construction, including the associated transport of the capping

materials to the Hot Spot, is expected to cause release of

PCB-contaminated sediment. Environmental control measures

(e.g., silt curtains and oil booms) would be necessary to

mitigate this release. However, results of the pilot study

indicated that the installation, position, and removal of a silt

curtain used during the study was visually observed to cause a

significant amount of sediment resuspension (Otis, 1989).


Worker safety is not considered a concern with this alternative

because the majority of the workers will be working in boats or
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FIGURE 6-3 
SCREENING OF NONREMOVAL ALTERNATIVES 

HS-NA-1: NO-ACTION ALTERNATIVE 
HOT SPOT FEASIBILITY STUDY 

NEW BEDFORD HARBOR 
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• MAINTAIN FISHING BAN 

CONTAINMENT 
WATER 
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• COAGULATION/ • SYNTHETIC LINER • CARBON ADSORPTION 

FLCCCULATION/ • SAND/SILT 

PRECIPITATION 
• SEDIMENTATION 
• FLTRATION 
• CARBON ADSORPTION 

Effectiveness Implementabilitv Cost 

Advantages Advantages Advantages 
• Minimal short-term effects • Little effort to implement • Low capital and construction 

in implementing alternative costs 

Disadvantages Disadvantages Disadvantages 
• No reduction of existing risks • Administrative feasibility expected • Continual costs for O+M of environmental 

monitoring systems • Does not comply with ARARs to be poor 
• Does not comply with pertinent * Likelihood of unfavorable community • High potential for future remedial action 

costs criteria, advisories, and guidance response 
• Does not prevent future exposure * Expected inability to obtain approvals 
• Does not permanently or significantly from other agencies 

reduce toxicity, mobility, or volume 
of PCB contamination 
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using health and safety protective gear and will not be exposed

to contaminated sediment. Short-term impacts to public health

are also expected to be minimal, although routine air monitoring

will need to be performed to verify that significant amounts of

PCBs are not being released to the air during the remedial

action.


The long-term effectiveness of this alternative is

questionable. The bearing strength of the underlying sediment

is not believed to be adequate to support a cap. It is very

likely that during cap installation the cap material will mix

with the contaminated sediment or form a mud wave that pushes

the contaminated sediment aside. Resuspension of contaminated

sediment during placement of cap material may also occur.


If the cap is effective in covering the Hot Spot sediment, the

sediment would remain in-place and could be re-exposed by future

events, either natural (e.g., floods) or manmade (e.g.,

development). As long as sediment remains capped, the transport

of PCBs from this area should be reduced; however, institutional

controls and an aggressive monitoring program would be needed to

verify cap integrity.


Impleroentability. The equipment, technologies, and personnel

required to implement this alternative are readily available.

The administrative feasibility of this alternative, however, is

expected to be poor. Institutional controls and a long-term

monitoring program would need to be implemented to verify cap

integrity. Because PCB-contaminated sediment is left in-place,

a five-year review program would need to be established. In

addition, in order for this alternative to comply with

Section 404 of the Clean Water Act (CWA), it would have to clear

several hurdles, including:


• There would have to be a finding that there is no less 
environmentally damaging practicable alternative 
(practicable being defined in terms of costs, logistics 
and technology); 

• The alternative
mitigation; and 

 would have to include plans for 

• The availability of alternatives would have to be 
determined as of some key point in the decision-making 
process. 

Cost. Costs for this alternative were developed assuming the 
cover material is clean sediment dredged from Buzzards Bay.

Construction costs associated with this alternative are for

dredging, transporting, and placing the cap material, and for

installing the rip-rap and other erosion control measures.

Long-term O&M costs are associated with implementation of the
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institutional requirements, the long-term monitoring program, 
and manda to r  y f ive-year reviews. This alternative is 
anticipated to cost approximately $5 million. Figure 6-4 
s u m m a r i z e  s the screening evaluat ion for this capping 
alternative. 

Conclusion. This alternative will be eliminated for further 
analys is  . This al ternative is inconsistent with the 
requirements of SARA to permanently reduce the mobility, 
toxicity, or volume of wastes. Implementation of this 
alternative is expected to cause an increase in PCB mobility. 
In addition, this alternative has questionable long-term 
reliability and may not comply with CWA ARARs. This alternative 
is expected to have an impact on adjacent wetland areas. 

6.3.3 Containment Alternative HS-CONT-2 

Description. This alternative consists of dredging the sediment 
around the perimeter of the Hot Spot area, constructing an 
embankment on the perimeter, capping the sediment within the 
cell created by the embankments, and treating contaminated water 
within the cell. In this alternative, the embankment would be 
constructed to permanently contain the PCB-contaminated sediment 
and prevent subsequent release during cap installation. 

To ensure embankment stability, the soft sediment in the area of 
the proposed embankment would be excavated down to the stable 
underlying strata. The embankments would be constructed in 
lifts out from the shoreline, with 2.5V:1H (vertical to 
horizontal) side slopes. The embankment slope facing the 
Acushnet River would be armored with rip-rap to prevent 
erosion. 

Approximately 155,000 cy of sediment would need to be dredged 
from the estuary outside of the Hot Spot area prior to 
embankment construction. Of this sediment, approximately 
26,000 cy is contaminated with PCBs in the range of soo-4 ,ooo 
ppm and may need to be treated prior to disposal. After 
construction of the embankment is completed, clean sand would be 
brought in and placed over the contaminated sediment. If 
required, a synthetic cap could be placed over the sand, thereby 
containing the sediment in place. Contaminated water within the 
cell would be treated to remove the PCBs prior to discharge back 
into the Acushnet River. 

Effectiveness. This alternative would have less of a short-term 
impact to the estuarine environment than HS-CONT-1 because an 
embankment would be constructed around the Hot Spot area prior 
to cap emplacement. Some PCB release, however, is expected 
during the sediment dredging and embankment construction. This 
release would be minimized by careful construction controls 
during both the dredging process and embankment construction. 
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FIGURE 6-4 
SCREENING OF NONREMOVAL ALTERNATIVES 

HS-CONT-1: CONTAINMENT ALTERNATIVE 
HOT SPOT FEASIBILITY STUDY 

NEW BEDFORD HARBOR 
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Effectiveness Inrmlementabilitv Cost 

Advantages 
• Reduces mobility of Hot Spot 

Advantages 
• Good availability of equipment per-

Advantages 
• Development and construction costs 

sediment sonnel, materials for this alternative are well-defined 
• Reduces existing risk to public • Ease of undertaking additional re-

health and environment medial action (i.e., dredging) 

Disadvantages 
• Potential for restricting flow in estuary 

Disadvantages 
• Does not permanently and signifi

cantly reduce toxicity, mobility, or 

• Will require environmental controls 
during construction 

• Will require institutional controls 

Disadvantages 
• Cap will require long-term maintenance 
• High potential for future remedial action 

volume of PCB sediments • Low technical feasibility-existing costs 
• Does not reduce magnitude of 

residual risk 
sediment may not be able to support 
cap 

• Costs for 5-year review 

• Is not reliable as a long-term solution 
• High potential for replacement 
• Will require long-term maintenance 
• Will disturb and resuspend adjacent 

PCB-contaminated sediment 
• Does not provide long-term reliability; 

will require long-term monitoring 
• Does not comply with all state/federal 

ARARs 
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Results of the USAGE pilot test indicate that dredging and 
construction can be accomplished with minimal sediment 
resuspension. 

As with HS-CONT-1, PCB-contaminated sediment is not removed from 
the estuary but left in place. The long-term effectiveness of 
this alternative is greater than HS-CONT-1 because the Hot Spot 
is contained within the embankment, and PCB migration away from 
the Hot Spot resulting from a failure of the cap would be 
reduce d if not eliminated. This alternative does not 
permanently treat the waste, and potential exists for both cap 
and embankment failure from natural or manmade causes; however, 
this potential appears to be minimal. 

Implementability. This alternative is technically feasible to 
implement at the New Bedford Harbor site. The technology, 
equipment, and trained personnel are all available. Because 
this is not a permanent remedy, a five-year review program would 
be required. In addition, institutional controls and long-term 
monitoring would be required. 

Cost. Costs for this alternative were developed assuming that 
the cover material is clean sediment dredged from Buzzards Bay 
and that a synthetic liner would be required. Construction 
costs are associated with dredging, embankment construction, cap 
installation, cover installation, water treatment, and disposal 
of uncontaminated sediment. Long-term O&M costs are associated 
with implementation of the institutional requirements, a 
long-term monitoring program, and five-year reviews. This 
alternative is anticipated to cost approximately $43 million, 
assuming in-harbor disposal of uncontaminated sediment. 
Figure 6-5 summarizes the screening evaluation for this 
containment alternative. 

Conclusion. This alternative will be eliminated from further 
analysis for the following reasons: 

• failure to permanently and significantly reduce 
toxicity and volume of Hot Spot area sediment 

• high cost of dredging and construction that must be 
performed to contain the sediment when compared to 
costs of several of the treatment alternatives 

• long-term monitoring and maintenance 

• moderate potential for future remedial action 

• potential difficulties in disposing of uncontaminated 
sediment 
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FIGURE 6-5 
SCREENING OF NONREMOVAL ALTERNATIVES 

HS-CONT-2: CONTAINMENT AND CAPPING ALTERNATIVE 
HOT SPOT FEASIBILITY STUDY 
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Effectiveness Implementabilitv Cost 

Advantages Advantages Advantages 
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are proven technologies 
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are readily available 

Disadvantages Disadvantages Disadvantages 
• Will not attain all federal/state • Liner on stabilized sediment and • Long-term embankment/liner 

ARARs venting of liner will require accurate maintenance will be required 

• Short-term risk to workers during installation • Potential for future remedial action 

remedial action (liner installation) • Dredging of sediment and embankment costs 

• Moderate potential for replacement construction will require approximately two • 5-year review costs 
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Hot Spot PCB sediment 

• Dredging of sediment outside the 
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scour outside the embankment may 
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6.3.4 Disposal Alternative HS-DISP-1 

Description. This alternative consists of dredging the Hot Spot 
sediment with a cutterhead dredge and temporarily storing the 
contaminated sediment in a CDF. After this is accomplished, the 
uncontaminated sediment remaining below the Hot Spot would be 
removed and stored in a CDF. The contaminated sediment would 
then be replaced in the dredged area, and the uncontaminated 
sediment would be placed on top of the redeposited contaminated 
sediment. Details of this disposal alternative, called CAD, 
have been presented elsewhere (Otis and Averett, 1988; and E.C. 
Jordan Co./Ebasco, 1987c). 

Effectiveness. Preliminary results of the pilot study indicate 
that dredging with a cutterhead dredge can be performed with 
minimal resuspension and subsequent PCS migration (Otis, 1989). 
Sediment resuspension was associated with the anchor lines of 
the dredge and with the disposal of the sediment into the CAD 
cells. To minimize the disturbance from the anchor lines, 
dredging in the Hot Spot area will be shore-mounted. In 
addition, pilot test results indicate that CAD cells can be 
constructed without significant sediment resuspension. Even 
though there was elevated levels of resuspended material during 
disposal into the CAD cell, monitoring at the Coggeshall Street 
Bridge did not detect a statistically significant increase above 
background. 

Short-term impacts to workers and the community should be 
minimal because there would be minimal contact with the dredged 
material and minimal resuspension. An air monitoring program 
would need to be established to verify compliance with PCS air 
standards. 

The long-term effectiveness of this alternative is unknown due 
to a lack of historical data. As with the containment 
alternatives, the PCB-contaminated sediment remains within the 
estuary and is subjec t to fu tur  e natura l or m a n m a d  e 
disturbances. A long-term monitoring program would need to be 
established to monitor effectiveness of this alternative. 

Implementabilitv. The use of CAD cells is an innovative 
approach to disposing of or containing contaminated sediment. 
As discussed previously, this technology was pilot-tested by 
USAGE and proven to be technically feasible for New Bedford 
Harbor sediment. Equipmen t and personne l capabl  e of 
constructing CAD cells are available. 

The CAD alternative does not remove or treat PCB-contaminated 
sediment. Long-term monitoring and institutional controls would 
be required to verify the long-term effectiveness of this 
alternative and to minimize disturbances to these cells. 
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However, this alternative is expected to comply with wetlands 
location-specific ARARs because minimal disturbances are 
expected to the wetlands during implementation of this 
alternative. 

Cost  . Costs associated with this alternative include 
construction costs for the CAD cells and ] ong-term O&M costs 
associated with implementation of institutional controls, 
long-term monitoring, and the mandatory five-year review. This 
alternative is anticipated to cost approximately $9 million. 
Figure 6-6 summarizes the screening evaluation for this disposal 
alternative. 

Conclusion. This alternative will be eliminated from further 
analysis. The rationale for elimination is that it has 
questionable long-term reliability in containing the more 
contaminated Hot Spot sediment. In addition, the potential 
exists for PCBs migrating from these cells with time. This 
alternative does not permanently reduce the toxicity and volume 
of Hot Spot sediment and, potentially, the mobility of Hot Spot 
sediment. 

6.3.5 Disposal Alternative HS-DISP-2 

Description. This alternative consists of dredging Hot Spot 
sediment, dewatering the sediment to 50-percent solids, treating 
the process water, and disposing of the sediment in a 
TSCA/RCRA-licensed landfil l . 

As with the other dredging alternatives, a cutterhead dredge 
would be used to dredge the sediment. Dewatering would be 
achieved by conventional equipment (e.g., belt-filter press, and 
plate and frame filter) . Transportation of the dewatered 
sediment would occur via containerized trucks or by rail, 
depending on the specific disposal site selected. Process water 
would be treated prior to discharge into New Bedford Harbor. 

Effectiveness. This alternative would be effective in reducing 
the long-term mobility of PCBs in the Hot Spot by removing them 
from the estuary and disposing of them in a secure landfill. 
The toxicity and volume of the PCB-contaminated sediment would 
not be changed by this alternative. Short-term mobility of PCBs 
is expected to be minimal during implementation of this 
alternative, as verified by results of the USAGE pilot study. 
Therefore, environmental controls (e.g., silt curtains) are not 
proposed. 

Implementabilitv. This alternative is technically feasible. 
Equipment and trained personnel are readily available to dredge, 
dewater, and transport sediment to a licensed landfill. 
Landfill regulatory compliance would need to be verified prior 
to implementing this alternative to ascertain available capacity 
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FIGURE 6-6 
SCREENING OF REMOVAL ALTERNATIVES 
HS-DISP-1: CAD DISPOSAL ALTERNATIVE 
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and permit conditions. Currently, there are only a few 
landfi l ls that will accept contaminated sediment with PCB 
concentrations exceeding 500 ppm. 

Minimal opposition is anticipated from regulatory agencies if a 
suitable, licensed facility capable of accepting this waste 
could be identified. 

Cost. Costs for this alternative are primarily associated with 
transportation and disposal of the sediment. Long-term 
monitoring and institutional controls are not anticipated for 
this alternative because PCB-contaminated sediment is physically 
removed from the harbor. The cost of this alternative is 
anticipated to be approximately $19 million. Figure 6-7 
summarizes the screening evaluation for this disposal 
alternative. 

Conclusion. This alternative will be eliminated from further 
consideration for the following reasons: 

• failure to permanently treat
toxicity of PCB sediment 

 or reduce the volume or 

• high potential for
landfill capacity at

 limited availability of permitted 
 time of remedial action 

6.3.6 Treatment Alternative HS-TREAT-1 

Description. This alternative consists of dredging the 
contaminated Hot Spot sediment, dewatering the sediment, 
treating the process water, incinerating the dewatered sediment 
on-site and (if necessary) solidifying the incinerated ash to 
immobilize inorganic metals and disposing of the solidified 
sediment in a shoreline disposal site. 

The first three steps of this alternative are similar to the 
initial steps for the disposal alternatives and will not be 
repeated. This alternative employs a two-step process to treat 
Hot Spot sediment. The first step, incineration, is a proven 
technology for destroying PCBs. Following incineration, the 
heavy metals (i.e., copper, cadmium, chromium, and lead) would 
be immobilized in a solidified matrix to prevent potential 
future leaching of the metals. The detoxified, solidified ash 
could then be disposed of in a shoreline disposal area. 

Effectiveness. This alternative would permanently reduce the 
toxicity and mobility of Hot Spot sediment by removing it from 
the estuary and destroying it by incineration. Incineration is 
a proven treatment technology for PCBs and is expected to 
achieve greater than 99-percent PCB destruction efficiency. 
This alternative is consistent with the SARA preference for 
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permanent treatment and would comply with TSCA and other 
action-specific ARARs. 

Implementabilitv. This alternative is technically feasible. 
Incineration is a proven technology for PCB destruction and 
Imobile incinerators and trained personnel are readily 
available. The dredging and dewatering processes were field- or 
bench-tested on La~bor sediment and this equipment is readily 
available. 

With respect to administrative feasibility, this alternative is 
expected to be supported by other federal agencies. 

Cost. Costs associated with this alternative are estimated to 
be $20 million. Figure 6-8 is a summary of the screening 
evaluation for this alternative. 

Conclusion. This alternative will be retained for detailed 
analysis. It complies with SARA requirements by permanently 
reducing the mobility, toxicity, and volume of contaminated 
sediment. In addition, the costs for this alternative are 
wi thin the same order
alternatives discussed. 

 of magnitude as costs for other 

6.3.7 Treatment Alternative HS—TREAT-2 

Description. This alternative consists of dredging, dewatering, 
and solidifying contaminated sediment, and disposing of the 
solidified sediment in an existing out-of-state TSCA/RCRA 
landfill. This alternative is similar to HS-DISP-2, except that 
the solidification step has been added to facil i tate 
handling/transportation of the sediment and to reduce the PCB 
mobility to the point where treated sediment can be accepted by 
a licensed TSCA/RCRA landfill. 

Effectiveness. Bench-scale tests by USAGE showed that PCB 
mobility can be reduced by 80 to 90 percent by solidifying the 
Hot Spot sediment in a controlled environment. The resulting 
solid product can range from a soil-like product to a solidified 
block. This alternative permanently reduces the mobility of the 
PCB contamination; however, the volume of contaminated sediment 
would be increased through solidification. As with other 
dredging alternatives, minimal short-term effects are 
anticipated due to the sediment dredging. 

Implementabilitv. This alternative is technically feasible. 
The equipment, personnel, and expertise to dredge, dewater, and 
solidify the sediment are available within the eastern U.S. 
Landfill capacity is currently available for this volume of 
sediment; however, available capacity and permit compliance are 
subject to change and would need to be verified prior to 
alternative implementation. 
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Cost. The cost for this alternative is approx imate l  y 
$25 million. Figure 6-9 illustrates the screening evaluation 
for this alternative. 

Conclusion. This alternative will be retained for detailed 
analysis. 

6.3.8 Treatment Alternative HS-TREAT-3 

Description. This alternative consists of dredging the Hot Spot 
sediment, dewatering the sediment and treating the process 
water, treating the sediment by solvent extraction, incinerating 
the PCB-enriched solvent extract off-site, solidifying the 
treated sediment to immobilize the metals, and disposal of the 
detoxified, solidified sediment in a shoreline disposal 
facility. 

Solvent extractio n is an innovative technology. This 
technology, combined with incineration of the solvent extract 
and solidification of the treated sediment, would significantly 
reduce th e mob i l i t y  , toxic i ty  , an d vo lum e o f th e 
PCB-contaminate  d sediment  . 

Effectiveness. This alternative is expected to be effective in 
permanently reducing the mobility and toxicity of the Hot Spot 
sediment. Pilot-scale tests on the Hot Spot sediment have shown 
that greater than 99 percent of the PCBs can be removed from the 
sediment. In addition, the USAGE pilot dredging tests 
demonstrated that PCBs can be removed from the harbor with 
minimal environmental impact. Because this alternative would 
remove and treat PCB sediment, long-term monitoring and 
institutional controls would not be required for the Hot Spot 
area. 

Implementabilitv. Based on results of bench-scale tests, this 
alternative appears technically feasible. At least two vendors 
have solvent extraction systems that are available for 
full-scale operation at the present time or in the near future. 

Cost . Costs for this alternative are estimated to be 
$16 million. Figure 6-10 is a summary of the screening 
evaluation. 

Conclusion. This alternative will be retained for detailed 
analysis. It meets SARA requirements for permanent reduction of 
contamination, uses an innovative technology, and is expected to 
have higher community acceptance than incineration. 
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FIGURE 6-10 
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6.3.9 Treatment Alternative HS-TREAT-4 

Description. This alternative has the same unit processes as 
HS-TREAT-1 (i.e., on-site incineration), except that dewatered 
sediment is incinerated off-site at a licensed incinerator. 

Effecriveness. The effectiveness for *->iis alternative is the 
same as that for HS-TREAT-1. This alternative would permanently 
reduce the mobility, toxicity, and volum e of the PCB 
contamination. 

Impleroentabi 1 ity. This alternative may be more difficult to 
implement then HS-TREAT-1 (on-site incineration) because of the 
added difficulties associated with transportation and available 
capacity at licensed off-site incinerators. Mobile incinerators 
(HS-TREAT-1) are available and are projected to have increased 
availability as more companies bring incinerators on-line to 
treat hazardous waste. In contrast, licensed incinerators have 
limited capacity and are projected to have increasingly less 
available capacity as more hazardous waste is removed and sent 
to incinerators. 

Cost. Costs for this alternative are higher than the other 
alternatives, primarily due to transportation costs to the 
nearest available licensed incinerator. The cost for this 
alternative is estimated to be $67 million. Figure 6-11 is a 
summary of the screening evaluation for this alternative. 

Conclusion. This alternative will be eliminated from further 
analysis for the following reasons: 

• it provides the same level of treatment as HS-TREAT-1, 
but at a significantly higher cost 

• there are additional safety hazards associated with 
transporting PCB-contaminated sediment 

• incineration capacity at licensed incinerators is 
limited 

6.4 CONCLUSIONS 

Table 6-1 summarizes results of the alternative screening for 
the Hot Spot alternatives. Nine alternatives were developed: 
five were eliminated during the screening step, leaving four 
alternatives to be carried into detailed analysis. 

The four containment and disposal alternatives were eliminated 
for the following principal reasons: 

• They were inconsistent with SARA' s preference for 
permanent treatment. 

6-24 



FIGURE 6-11 
SCREENING OF REMOVAL ALTERNATIVES 
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TABLE 6-1 
SUMMARY OF HOT SPOT ALTERNATIVES 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

ALTERNATIVE ALTERNATIVES ALTERNATIVES REMAINING 
DEVELOPMENT ELIMINATED DURING FOR DETAILED 
(SUBSECTION 6.1) SCREENING (SUBSECTION 6.3) EVALUATION 

HS-NA-1 No-action HS-NA-1 (HS-1) 

HS-CONT-1 Capping HS-CONT-1 
HS-CONT-2 Embankment/Capping HS-CONT-2 

HS-DISP-1 Confined Aquatic Disposal HS-DISP-1 
HS-DISP-2 Out-of-State TSCA/RCRA Disposal HS-DISP-2 

HS-TREAT-1 On-site Incineration HS-TREAT-1 (HS-2) 
HS-TREAT-2 Solidification HS-TREAT-2 (HS-3) 
HS-TREAT-3 Solvent Extraction HS-TREAT-3 (HS-4) 
HS-TREAT-4 Off-site Incineration HS-TREAT-4 
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• They did not provide long-term effectiveness. 

• They did not comply with several action- and/or 
location-specific ARARs. 

The off-site incineration alternative was eliminated due to the 
anticipated lack of incinerator rapacity and excessive costs for 
the same level of treatment as achieved by an on-site 
incinerator. 

To eliminate subsequent misidentification in the detailed 
evaluation of alternatives, the Hot Spot alternatives have been 
renumbered HS-1 through HS-4. 

The four alternatives that have been carried into detailed 
analysis are as follows: 

New Previous 
Alternative Alternative 

Number Number Alternative Description 

HS-1 HS-NA-1 No-Action

HS-2 HS-TREAT-1 On-site Incineration of Hot Spot


Sediment

HS-3 HS-TREAT-2 Solidification and Disposal of


Sediment in an Off-site TSCA RCRA

Landfill


HS-4 HS-TREAT-3 Solvent Extraction of Hot Spot

Sediment


6.5 TREATMENT SITE LOCATIONS


In order to assess the feasibility of the treatment

alternatives, sufficient land area must be available to stage

the dewatering and treatment equipment. Ideally, the treatment

site selected should not be adjacent to a residential area. In

addition, it may be more palatable to use areas that have

already been environmentally degraded rather than using areas

that have not been distrubred from their natural state.


Several suitable areas exist for sediment treatment in the New

Bedford Harbor area, as illustrated in Figure 6-12. Each of

these sites is discussed to present the reader with an

understanding of the area. These sites are presented in their

respective order of feasibility. The final site selection will

be made during remedial design; however, the most feasible site,

the pilot cove area, will be used for discussion purposes in

Section 7.0.


Pilot Study Cove. The pilot study cove comprises approximately

29 acres and is located in the upper estuary on the western
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shore immediately north of the Coggeshall Street Bridge. A CDF

was constructed in this cove to support the pilot study

activities. Sufficient capacity exists in the CDF to hold the

sediment and water dredged from the Hot Spot area. Sufficient

land capacity also exists adjacent to the CDF to adequately site

any of the treatment equipment. This site is the most feasible

because of an existing CDF that can be used for primary

dewatering and because it is close to the Hot Spec. This site

would require a shorter distance for the dredged material to be

pumped.


Conrail Kailyard. The Conrail Kailyard comprises approximately

20 acres and is located on the New Bedford side of New Bedford

Harbor. This site was historically used for transporting and

unloading PCB fluid. The site has documented PCB contamination

and is currently not in use. This site is a feasible location

for treatment activities because of its size, location (i.e.,

adjacent to the river in an industrial area) , and current level

of contamination. Preparation of this site for treatment

activities would be extensive, as a gravity dewatering facility

for the dredged spoils would need to be constructed and the

PCB-contaminated soils would need to be removed during site

preparation activities. The use of this site would also require

pumping Hot Spot sediment an additional 2,500 feet under the

Coggeshall Street Bridge.


Marsh Island. Marsh Island is located along the Acushnet River,

adjacent to the Kiverside Cemetery in Fairhaven. This island

comprises approximately 15 acres and was constructed out of

dredged spoils. Currently, the island is vacant with the

exception of a radio tower. The Marsh Island site is a feasible

location for treatment activities because of its size and

location (i.e., adjacent to the river). As with the Conrail

Kailyard, site preparation activities would be more extensive

than for the pilot study area because a CDF would need to be

constructed. The use of this site would require pumping the

dredged sediment an additional 2,000 feet from the pilot study

area.


New Bedford Municipal Landfill. The New Bedford Municipal

Landfill is the existing landfill for the City of New Bedford.

This landfill is located in the northwestern part of the city

and is currently near capacity. The top area of this landfill

is approximately 25 acres, and sufficient land is available to

perform sediment treatment and not interfere with landfill ing

operations. The advantage to using this landfill area is that

it is a considerable distance from residential areas. The

disadvantages are that it would require substantial site

development work, a dewatering facility adjacent to the harbor

would need to be constructed, and the sediment would need to be

transported from the dewatering facility to the landfill via

local highways.
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7.0 DETAILED ANALYSIS OF ALTERNATIVES


7.1 INTRODUCTION


The detailed analysis of alternatives is intended to provide 
decision-makers with sufficient information concerning a range 
of proposed remedial actions in order to select a single remedy 
that meets the following CERC.LA requirements: 

• protective of public health and the environment 

• identifies ARARs which will not be attained as an 
interim remedy 

• attains ARARs (or provides grounds for invoking a 
waiver) 

• cost-effective 

• preference for permanent solution that uses treatment 
technologies or resource recovery techniques to the 
maximum extent practicable 

• preference for treatment that reduces mobility, 
toxicity, or volume as a principal element 

This section contains a detailed evaluation of the four 
alternatives that passed the screening process described in 
Section 6.0. Each alternative evaluation includes a detailed 
description emphasizing the technologies used, their specific 
components, and proposed design specifications. Anticipated 
work activities are summarized and graphics are included to 
depict process flows and equipment. The description is followed 
by an assessment of the following nine evaluation criteria: 

short-term effectiveness 
long-term effectiveness and permanence 
reduction of mobility, toxicity, or volume 
implementability 
cost 
compliance with ARARs

overall protection of public health and the environment

state acceptance

community acceptance


The first five criteria address technical, cost, institutional,

and risk concerns. Compliance with ARARs and overall protection

of public health and environment are threshold criteria that

reflect statutory requirements. The final two criteria, state

and community acceptance, were evaluated on the basis of

information available at the time of the detailed analysis.
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At present, public perception of the four Hot Spot alternatives

is not known. State and community acceptance will be addressed

here and will apply to all four HS alternatives. The

assessments are as follows:


• State Acceptance. EPA has maintained continuous

communications with Massachusetts state agencies (e.g.,

DEQE, C3M) during the New Bedford Harbor project.

Representatives of these state agencies have attended

monthly status meetings held by EPA and have commented

on a majority of the interim reports (including drafts

of this document) issued by EPA's contractors. The

state agencies are currently reviewing the proposed

plan outlining EPA's selection of a remedy for the Hot

Spot. Comments made by these state agencies will be

incorported into the Record of Decision (ROD).


• Community Acceptance. A Community Work Group has been

created to keep members of the community informed of

progress at the site. The group meets on a monthly

basis to discuss the project; however, it has not

formally responded to the proposed remedial actions.

The community will be given a 30-day public comment

period following the release of the draft final FS to

make formal comments. Comments received at that time

will be incorporated into the Responsiveness Summary,

an integral part of the ROD.


7.2 ALTERNATIVE HS-1: NO-ACTION


7.2.1 General Description


The development of a no-action alternative is required under the

NCP. The no-action alternative serves as the baseline remedial

alternative which assesses impacts on public health and the

environment if no measures are taken to remediate current site

conditions. However, the no-action alternative may include

administrative/institutional controls to reduce the potential

for exposure to site contaminants.


For the Hot Spot FS, the no-action alternative is presented as a

separate alternative. However, the overall remedial strategy

for New Bedford Harbor may include a no-action alternative

encompassing the upper estuary. This remedial alternative will

be evaluated during the estuary/lower harbor and bay FS.


The no-action alternative for the Hot Spot area would not

involve any direct activities (e.g., dredging and treatment)

conducted to remediate the PCB- and metal-contaminated

sediment. Instead, the no-action alternative would consist of
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administrative and institutional controls to reduce human 
exposure to the Hot Spot sediment, including the following: 

•
•
 warning signs posted in the immediate vicinity 
 installation of a chainlink fence 

•
•
•

 environmental monitoring of the Hot Spot area 
 conducting site reviews every five years 
 continuation of public awareness programs 

Warning signs in both English and Portuguese are currently in 
place along the western and eastern shorelines of the Upper 
Estuary. These signs warn the public that swimming and 
harvesting of shellfish and finfish are prohibited in this 
area. Additional warning signs would be placed in the immediate 
vicinity of the Hot Spot area, along the western shoreline, 
indicating the presence of highly contaminated sediment which 
poses a public health hazard as a result of direct dermal 
contact. 

Public access to the Hot Spot area from land is currently 
difficult because it is adjacent to private property owned by 
commercial/industrial New Bedford enterprises. To further 
restrict public access, a 1,000-foot-long, 6-foot-high chain-
link fence with three-strand barbed wire would be installed 
along the western bank of the estuary and extend north and south 
away from the Hot Spot area. This fence, however, would not 
restrict access to the Hot Spot from the water. 

A long-term environmental monitoring program would be 
imp lemen te  d to assess sediment contaminant levels and 
migration. Sediment and water column samples from the Hot Spot 
area would be collected annually and analyzed for PCBs and 
metals. In addition, a biota monitoring program may be 
implemented to assess impacts to biota following natural, 
episodic events (e.g., extreme low tides, high winds) that would 
result in increased exposure of biota to Hot Spot sediment. 
Because the no-action alternative would result in contaminants 
remaining on-site, CERCLA legislation requires that the site 
must be reviewed every five years. Data collected as part of 
the environmental program would be evaluated during the 
five-year reviews. Recommendations for potential remedial 
actions would be formulated at that time. 

Public awareness programs would be implemented to educate the 
public on the potential health hazards associated with the Hot 
Spot area sediment. These programs would include periodic 
meetings and presentations in local neighborhoods, and bilingual 
pamphlets. These programs would be coordinated through the New 
Bedford Health Education Off ice , which was opened in October 
1985 to address PCB contamination in New Bedford Harbor and its 
potential impact on public health. 
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7.2.2 Reduction in Mobility. Toxicity. and Volume


Because no sediment treatment processes are employed, this

alternative would not result in any reduction in the mobility,

toxicity, or volume of contaminants in the Hot Spot area

sediment.


7.2.3 Short-term Effectiveness


This evaluation criterion addresses the effects of implementing

the remedial action. Because the no-action alternative involves

only minimal site activities (i.e., installation of warning

signs and fences and environmental monitoring) , it is not

expected that these activities would pose a threat to workers or

to the local community. However, a health and safety plan would

be implemented for workers conducting the environmental

monitoring. This plan would contain details for sampling and

handling of contaminated sediment, including the level of

protective clothing to be worn by the workers.


7.2.4 Long-term Effectiveness and Permanence


The no-action alternative for the Hot Spot would not provide a

permanent remedy that would reduce the nature and magnitude of

risk to public health and the environment within the New Bedford

Harbor area. A discussion of the fate and transport of PCBs,

under a no-action scenario, was presented in Subsection 2.3.3.


With no remedial action, it is expected that the Hot Spot area

would continue to sexve as a source of PCBs to the estuary and

ultimately the lower harbor.


Trends in biota monitoring from 1981 to 1987 do not appear to

show any significant reduction during that period. Therefore,

no action can be expected to reduce biota PCB levels to

acceptable levels in the foreseeable future.


Physical and chemical processes such as hydrolysis,

photo-oxidation, and biodegradation are not expected to

significantly reduce the mass of PCBs in Hot Spot sediment.

Although these processes are acknowledged as naturally occurring

phenomena, the available information is insufficient to provide

a reliable estimation of decay rates necessary to make long-term

projections for New Bedford Harbor.


7.2.5 Implementation


Technical Feasibilitv. Installation of fencing and posting of

warning signs are simple construction tasks. Local contractors

and necessary materials are readily available. Restricting

access to the Hot Spot would not interfere with the ability to
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perform future remedial action. Maintenance and repair of the 
fence and warning signs and an environmental monitoring program 
are tasks that are easily implemented. 

A d m i n i s t r a t i v  e Fea s ib i l i t y  . C o n s i d e r a b l  e l o n g - t e r  m 
institutional management would be associated with the no-action 
alternative because the sediment contaminants would remain 
on-site and review would be necessary every five years. 

Availability of Services and Materials. Fencing, signs, and 
security services are locally available in the New Bedford 
area. 

7.2 .6 Cost 

The total 30-year present-worth cost of the HS-1 Alternative is

estimated at $455,000 (Table 7-1). This includes an initial

capital cost of $48,000. Annual operating costs are the

predominant cost for this alternative, and include annual fence

maintenance, site inspection, public information programs and

environmental monitoring. Environmental monitoring includes

sampling and analysis costs for 10 Hot Spot sediment PCB samples

and 10 PCB water column samples in the same location. The costs

for a biota monitoring program have not been included in this

alternative. The present worth of the annual operating costs

are estimated at $361,000.


Five-year review costs are associated with data interpretation,

reassessment of risks, and public meetings. Five-year review

costs are estimated at $16,500.


7.2.7 Compliance with ARARs 

Under HS-1, the no-action alternative, limited activity (e.g., 
fences and institutional controls) would take place at the Hot 
Spot. These activities attempt to restrict access to the Hot 
Spot to minimize public health risks. Access to the Hot Spot 
could still be obtained by boat f rom the Acushnet River 
Estuary. The chemical-specific ARARs for this alternative are 
t h  e M a s s a c h u s e t t  s S u r f a c  e W a t e  r Qua l i ty S tandard  s 
(310 CMR 4 .00) , the federal AWQC and the federal Food, Drug, and 
Cosmetic Act. This alternative would not comply with these 
ARARs because the Hot Spot would remain untreated within the 
estuary and continue to act as a source of PCBs for the rest of 
the harbor. 

Because there would be no activity in the wet land  s or 
floodplains of the Acushnet River Estuary, the location-specific 
ARARs identified in the report, "Regulation Assessment for New 
Bedford Harbor, Massachusetts" (E.G. Jordan Co./Ebasco, 1988) 
are not appropriate. 
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TABLE 7-1

COST ESTIMATE: ALTERNATIVE HS-1


NO-ACTION


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


ACTIVITY COST ($)


I. CAPITAL COSTS


A. FENCE AND SIGN INSTALLATION $ 15,000


B. PUBLIC AWARENESS PROGRAM $ 10,000


C. INSTITUTIONAL CONTROLS $ 10,000


TOTAL DIRECT COSTS $ 35,000


D. HEALTH AND SAFETY (5%) $ 1,750


E. LEGAL, ADMINISTRATION, PERMITTING (5%) $ 1,750


F. ENGINEERING SERVICES (10%) $ 3,500


G. CONTINGENCY (20%) $ 7,000


TOTAL INDIRECT COSTS $ 14,000


TOTAL CONSTRUCTION COSTS $ 49,000


II. ANNUAL OPERATING COSTS


A. ENVIRONMENTAL MONITORING (excluding biota $ 15,000

monitoring program)


B. FENCE MAINTENANCE $ 1,000


C. ANNUAL INSPECTION $ 5,000


D. PUBLIC INFORMATION $ 2,500


TOTAL ANNUAL COSTS $ 23,500


PRESENT WORTH OF ANNUAL OPERATING

COSTS (30-YEAR PERIOD, 5% DISCOUNT RATE) $ 361,000


III. FIVE-YEAR REVIEW COSTS


A. DATA ANALYSIS AND REPORT WRITING $ 12,500


B. PUBLIC MEETINGS $ 4,000


5.89.18 
0001.0.0 



TABLE 7-1 
(continued) 

COST ESTIMATE: ALTERNATIVE HS-1 
NO-ACTION 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

ACTIVITY COST ($) 

TOTAL FIVE-YEAR REVIEW COST" $ 16,500 

PRESENT WORTH OF FIVE-YEAR 
COSTS (30-YEAR PERIOD, 5% DISCOUNT RATE) $ 46,000 

TOTAL PRESENT WORTH OF ALTERNATIVE $ 456.000 

5.89.18

0002.0.0




Potential action-specific ARARs associated with this alternative

pertain to the Occupational Safety and Health Administration

(OSHA) worker protection standards, and the DEQE MCP.


In addition to these regulations, the Commonwealth of

Massachusetts has the following three separate right-to-know

regulations:


• DPW - Hazardous Substance Right-to-Know (105 CMR 67)

• DOI - Hazardous Substance Right-to-Know (441 CMR 21)

• DEQE - Hazardous Substance Right-to-Know (310 CMR 33)


These regulations are applicable to installation of the fence

and will be attained during remedial action. OSHA requirements

would also be met during fence installation. The no-action

alternative will not comply with requirements of the MCP because

the total site risk of the Hot Spot area will exceed lxlO~ .


Appendix B outlines the potential chemical- and action-specific

ARARs for this alternative and specifies the corresponding

remedial actions that would be required to attain the specific

ARARs, if the ARAR can be attained.


7.2.8 Overall Protection of Public Health and the Environment


This alternative would not result in a significant improvement

to the protection of public health and the environment over

baseline conditions, as described in Subsection 1.4. A security

fence would not completely eliminate human exposure to sediment,

and would not prevent exposure to sediment migrating out of the

Hot Spot area. Aquatic organisms would continue to be exposed

to sediment contaminants, and the Hot Spot would continue to act

as a source of PCBs to the remainder of the estuary and New

Bedford Harbor.


7.3 ALTERNATIVE HS-2: INCINERATION


7.3.1 General Description 

Alternative HS-2 would consist of dredging the Hot Spot 
sediment, dewatering of the sediment and treatment of all 
process waste waters produced during dewatering, and on-site 
incineration of the dewatered sediment to destroy the PCBs. The 
incinerated residue would be subjected to leaching tests (e.g., 
EP Toxicity or TCLP) to determine if heavy metals in the ash 
exceed maximum allowable concentrations in any leachate 
generated. If it fails the leaching test, the ash would be 
solidified to immobilize the heavy metals. The incinerated 
residue would be disposed of in an unlined shoreline facility. 
Figure 7-1 is a block diagram of Alternative HS-2. Figure 7-2 
is a process flow diagram of Alternative HS-2. 
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The volume of Hot Spot sediment (with PCB concentrations greater

than 4,000 ppm) was estimated to be 10,000 cy (in-situ) .

Results of the USAGE Pilot Dredging and Disposal Study indicate

that overdredging would not be necessary to ensure removal of

contaminated sediment (Otis et al., 1989). Therefore, 10,000 cy

(in-situ) of sediment removed from the Hot Spot area would

require treatment.


The pilot study area, located in a cove on the western side of

the Acushnet River Estuary and north of the Coggeshall Street

Bridge, would be utilized for siting the treatment facilities

(Figure 7-3). In addition, the CDF constructed during the pilot

study would be used to dispose of the solidified treatment

residue. Other locations, such as the Conrail railyard and the

New Bedford Municipal Landfill, were considered (see Section

6.5) . The advantages of using the pilot study site include the

following:


• The site is ready to be used. Activities associated 
with the pilot study have been completed. Utilities 
and fencing are in place, air and groundwater 
monitoring systems are installed, and there is ample 
area for staging all the treatment processes and volume 
in the CDF for disposing of the treated residue. 

• Remedial activities for the Hot Spot would be confined 
to the Upper Estuary. Dredged sediment can be 
transported by pipeline directly to the pilot study 
without interfering with harbor and land-based 
activities. 

• There is a substantial reduction in the cost of Hot 
Spot remediation because new treatment and disposal 
sites would not have to be constructed. 

The following paragraphs present detailed descriptions of the

remedial actions comprising Alternative HS-2. These

descriptions are presented in the order shown in Figure 7-1.


Dredging. Hot Spot sediment would be removed using a small

cutterhead dredge. The cutterhead dredge is recommended for use

in the Hot Spot based on results of the pilot dredging study

(Otis et al., 1989).


Operational procedures were developed by USAGE during the pilot

dredging study. These procedures optimize various factors

associated with dredging. Cutterhead speed, swing speed, and

duration of dredging times may be altered to reduce the

resuspension and subsequent migration of contaminated sediment.

USAGE recommended that the following operating procedures for

the cutterhead dredge be used when removing Hot Spot sediment

(Otis et al., 1989) :
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Operating Time: 3 to 4 hours/day

Number of Passes: 3

Width of Cut: 60 feet (approximately)

Rate of Advance: 11 feet/hour (first two passes)


25 feet/hour (third pass)

Production Rate: 35 cy/hour (first two passes)

Flow Rate: 2,100 gallons par minute

Percent Solids: 2 to 3 percent

(in slurry)


Contamination in the Hot Spot sediment to be removed extends to

4 feet deep in some areas. Therefore, three passes with the

cutterhead dredge would be necessary. The initial two passes

would remove material at the production rate stated previously.

The third pass would skim the bottom, removing little additional

sediment (Otis et al., 1989).


Silt curtains as an additional dredging control in preventing

migration of resuspended sediment may not be necessary based on

results of the pilot dredging study (Otis et al., 1989). No

significant sediment plumes were observed moving away from the

dredgehead. However, resuspension of a considerable amount of

sediment was observed during installation, positioning, and

removal of the silt curtain during the pilot study (Otis et al.,

1989). Should chemical and TSS monitoring indicate that silt

curtains are needed during the dredging of the Hot Spot area,

they will be available on site.


Based on the recommended operating procedures for the cutterhead

dredge, approximately 80 operational (3 to 4 hours) days would

be required to remove 10,000 cy of sediment from the Hot Spot.

This estimate assumes no downtime due to inclement weather or

mechanical problems, such as clearing obstructions from the

cutterhead.


The dredged sediment would be transported to the pilot study

area by a floating hydraulic pipeline. This pipeline would be

approximately 1 mile long and may require one or two booster

pumps to move the dredged material. USAGE recommended using

standard polyethylene dredge pipe to transport the dredged

sediment (Otis et al., 1989).


The dredged sediment would be discharged as a 2- to 3-percent

solids slurry into the CDF for temporary storage before

subsequent treatment and disposal. A diffuser submerged below

water and attached to the effluent end of the pipeline would be

used to facilitate settling of the dredged sediment by reducing

the exit velocity and, therefore, the turbulence of the

material. A diffuser was tested by the USAGE during the pilot

study and found to be effective.
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The design capacity of the primary cell of the CDF was 26,500

cy. During the pilot study, only 6,500 cy of dredged sediment

was deposited in the primary cell, leaving approximately 20,000

cy of potential storage volume. Based on the daily production

rate specified earlier, the primary cell has the capacity to

store 8 days production of dredged sediment slurry (at 2 to 3

percent solids) from the Hot Spot area before exceeding this

capacity (Otis et al., 1989). However, it is anticipated that

treatment of the dredged sediment would be conducted

concurrently with the dredging operation (factoring in a 1- to

2-day retention period in the primary cell for gravity settling

of sediment solids in the slurry to occur). This would provide

ample storage capacity during the dredging period for Hot Spot

area sediment.


Dewaterina. The dredged slurry discharged to the primary cell

of the CDF would be allowed to settle out. Results from

settling and chemical clarification tests conducted on Hot Spot

sediment by USAGE indicate that gravity settling would produce a

20-percent solid sediment over a one- to two-day retention

period (Wade, 1988).


The settled sediment in the CDF would be pumped to a nearby

secondary dewatering facility. This facility would consist of a

skid or trailer-mounted filter press unit (e.g., belt, or plate

and frame) with a throughput capacity of approximately 10 tons

per hour of dry solids. The sediment would be dewatered to a

minimum of 50-percent solids by weight. Bench-test results of

dewatering New Bedford Harbor sediment using the plate and frame

filter press technology indicate that a filter cake solids

content of 50 percent is achievable (OHM, 1988). Effluent from

the dewatering system would be recycled to the primary cell of

the CDF for eventual water treatment.


Water Treatment. Treatment of the CDF effluent and process

wastewaters would be required, prior to discharge back into New

Bedford Harbor, to remove PCB and heavy metals present in the

dissolved and absorbed phases. Elutriate and saltwater batch

leaching tests conducted by USAGE on composite estuary and Hot

Spot sediment samples showed PCB concentrations of 460 ppb in

the elutriate and 730 ppb in the leachate (Averett, 1988).

Concentrations of PCBs in the CDF discharge measured during the

pilot study averaged 1.4 ppb for the dissolved phase and 10.7

ppb for the particulate phase (Otis et al., 1989). These

results indicate that additional treatment of the CDF effluent

may be necessary prior to discharge back to the harbor.


Effluent (i.e., excess water) from the CDF would flow over a

weir structure separating the primary cell from these secondary

cells. As the water flows over the weir, coagulants would be

added to promote flocculation and settling of suspended
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sediment. USAGE has tested cationic polymers as coagulants

during the pilot study. Suspended solids levels measured at the

weir averaged 97.3 mg/1 total suspended solids (TSS) with a

range of 9.9 to 895.4 mg/1 TSS (Otis et al., 1989). Results of

these tests indicated that the polymer was effective in reducing

suspended solids levels when the influent levels were high

(i.e., in the 800-mg/l TSS range), but appeared to have on] y

minimal impacts when the influent levels were low (i.e., in the

100-mg/l TSS range) (Otis et al., 1989). This suggests that use

of cationic polymers may only be appropriate for periods of high

influent solids, such as when the CDF has reached its volume

capacity and there is minimal retention time for settling of the

dredged material slurry. USAGE recommended that inorganic

coagulants such as alum, ferric chloride, and lime be evaluated

prior to final design of the water treatment system (Averett,

1989) . These coagulants could be used alone or in conjunction

with polymers. Only chemicals proven to be non-toxic to marine

biota will be used for coagulation.


USAGE estimated that a solids content of 70 mg/1 could be

achieved in the CDF effluent following chemical clarification

and treatment prior to discharge back to the harbor. TSS

measured during the pilot study in the CDF discharge effluent

averaged 75.1 mg/1 (Otis et al., 1989).


CDF effluent from the secondary cell would be treated to remove

dissolved PCBs and metals. The treatment system would consist

of carbon adsorption or UV/peroxide units preceded by filtration

units. The filtration units would be necessary to remove the

suspended solids remaining after chemical clarification, thereby

preventing clogging of the treatment units. Both carbon

adsorption and UV/peroxide treatment of CDF effluent were

evaluated during the pilot study. CDF effluent was passed

through coarse sand filters prior to treatment. USAGE indicated

that use of these filters may have contributed to the low

efficiency of the carbon adsorption unit by allowing a

substantial fraction of PCBs absorbed to colloidal particles to

pass through the filter and the carbon column (Averett, 1989).

USAGE recommended the use of microfilters to remove this

colloidal fraction (Averett, 1989).


Results of the USAGE studies indicate that both carbon

adsorption and UV/peroxide treatment appear to be effective

methods for the removal of dissolved PCBs in wastewater streams

down to levels approaching 1 ppb (Averett,1989). However,

additional tests are needed to optimize the efficiency of carbon

adsorption and to address potential adverse effects to biota

from peroxide residuals.


Incineration. Dewatered sediment would be incinerated to

destroy PCBs. Three incinerator technologies are applicable for


7-15




the destruction of PCBs in sediment: rotary kiln, infrared, and

fluidized bed. Descriptions and detailed evaluation of these

three technologies were reported by E.G. Jordan Co./Ebasco

(1987c). All three incinerators have the same operational

characteristics and are capable of achieving 99.9999-percent

destruction of contaminants, as required by federal standards.

The primary difference between these technologies is the

material handling mechanism into tĥ  incineration chamber. The

ultimate selection of an incinerator will depend largely on

equipment availability.


One skid or trailer-mounted 75-ton-per-day incinerator unit

would be used. Approximately 150 consecutive days would be

required to incinerate the Hot Spot area sediment. Sediment

entering the incinerator would be 50-percent solids by weight.

An auxiliary fuel (e.g., fuel oil or natural gas) would be added

to the sediment feed to facilitate combustion.


Incineration of PCB-contaminated sediment would be conducted in

two stages. In the first stage, sediment would be fed into a

primary combustion chamber. The temperature in this chamber is

maintained at 1,600 to 1,800 degrees Fahrenheit. Solids

residence times vary from 15 to 45 minutes. In the second

stage, combustion gases generated in the primary chamber flow to

a secondary chamber where the gases are heated to 2,400 degrees

Fahrenheit for over 2 seconds. The gases then flow into the air

pollution control system. When conducted under proper operating

conditions, incineration of PCBs (and the auxiliary fuel) is

completed without the formation of potentially hazardous

by-products of combustion.


Air pollution control equipment is required for all three

incinerator systems to meet air emissions standards for hydrogen

chloride and particulates. Both the infrared and rotary-kiln

systems generally use a combination of a packed tower to control

hydrogen chloride and a wet venturi scrubber, baghouse, or

electrostatic precipitator to control particulates. The

fluidized bed process can control hydrogen chloride by

introducing a caustic in the reactor bed. Therefore, only a

baghouse or electrostatic precipitator is necessary to control

particulates. After treatment for hydrogen chloride and

particulates, the combustion gases are released to the air

through a stack.


The air pollution control system for all three incinerators

produces a low-volume wastewater stream containing sodium or

calcium chloride and suspended solids. This stream could be

recycled back to the primary cell of the CDF for eventual water

treatment.


7-16




Solidification. Incineration of the PCB-contaminated sediment

would produce a large volume of residual ash, which would

contain metals at concentrations near those observed in the

untreated sediment. These metals may become oxidized as a

result of incineration, thereby allowing them to become more

mobile. A leaching test would be conducted on the ash to

determine if metals leaching from the ash would exceed the

maximum allowable le^chate concentrations, thereby constituting

a hazardous waste. If the ash fails the leaching test,

solidification would be necessary as a secondary treatment step

to immobilize the metals.


Solidification would be used as a secondary treatment to

physically and chemically stabilize the metals by binding them

in a solid matrix. USAGE demonstrated that solidification is an

effective method for immobilizing certain metals (e.g., cadmium

and zinc), while other metals (e.g., copper and nickel) appear

to be unaffected (Meyers and Zappi, 1988). However, it is

anticipated that, given the numerous commercial processes

available, a formulation of solidifying agents is available to

immobilize all heavy metals. Additional bench tests to

determine the correct formulation would be required prior to

final design.


Solidification of the incinerator ash would be accomplished

using conventional cement-mixing equipment. Based on a 50

percent solids feed containing 10-percent combustible organics

in the feed, 34 tons of residual ash would be generated for

every 75 tons of sediment incinerated. Adding a half ton of

solidifying agent to every ton of incinerator ash would produce

approximately 51 tons per day of solidified ash. This is

equivalent to approximately 41 cy of residual material, with an

assumed density of 1.25 tons per cy (Church, 1981).


Disposal. Solidified ash would be temporarily stored in an area

adjacent to the secondary cell of the CDF. Once remedial

activities are completed (i.e., all of the Hot Spot sediment

from the primary cell and wastewater from the secondary cell has

been treated) , the solidified ash, if determined not to be a

RCRA waste, would be placed into the secondary cell, which is

above the tide line, for final deposition. A cap would be

placed over the solidified ash as a final cover. This cap would

be graded to the current level of the soccer field and seeded to

reduce the infiltration of precipitation. If, however, the

solidified ash is a RCRA waste, then it will be disposed in

accordance with RCRA/TSCA regulations.


7.3.2 Reduction in Mobility. Toxicitv. and Volume


Incineration of Hot Spot area sediment would permanently destroy

PCBs, thereby reducing both toxicity and mobility. Incineration
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would also reduce the final volume of sediment by approximately

10 percent. However, incineration could result in an increase

in the mobility of metals, which would be converted to an

oxidized form by this treatment process. Secondary treatment of

the incinerator ash, such as solidification, may be required to

reduce the mobility of metals.


7.3.3 Short-term Effectiveness


Risk to the community is expected to be minimal during Hot Spot

remediation. The Hot Spot and the treatment/disposal area are

located in commercial/industrial zones of New Bedford, and use

of fencing and on-site security personnel would preclude

unauthorized entry to the Hot Spot area and be effective in

preventing direct contact of the community to contaminated

sediment. Dredging of Hot Spot area sediment, which would be

conducted underwater, is not expected to generate airborne or

volatilized contaminants -to which factory workers in buildings

near the Hot Spot area would be exposed. An air monitoring

program would be required during operation of the CDF. Methods

to reduce emissions, such as spraying the sediment with water or

using a chemical dust suppressant, would be employed if ambient

levels threaten worker safety or public health.


Workers on-site during remedial activities could be exposed to

contaminants by dermal contact and the inhalation of airborne

particulates or volatilized contaminants. Dermal and inhalation

exposure to contaminants could arise as a result of dredging

operations (e.g., clearing of debris from or unclogging the

dredgehead), dewatering the sediment, and exhaust gases and

vapors generated during incineration of sediment. To minimize

or prevent such exposure, personal protection equipment (i.e. ,

respirators, overalls, and gloves) would be used. In addition,

ambient air monitoring and monitoring of incinerator stack gases

would be conducted to ensure worker safety within immediate

areas of remedial activity.


No adverse environmental impacts are expected as a result of

dredging of Hot Spot area sediment. Results of the USAGE pilot

dredging study indicate that resuspension of contaminated

sediment would be minimal when proper dredge operating

conditions are employed and that additional controls such as

silt curtains would not be necessary. Transport of dredge

material to the pilot study area via a floating hydraulic

pipeline is not expected to impact the environment. However,

the pipeline would be continually monitored for leakage.


Based on an incinerator throughput rate of 75 tons per day,

approximately 150 to 200 days would be required to complete the

remedial activities described in Alternative HS-2 and to meet

the remedial response objectives.
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7.3.4 Long-term Effectiveness and Permanence


Removal of the Hot Spot area sediment would remove approximately

45 percent of the total mass of PCBs in New Bedford Harbor.

This remedial .action would also eliminate a major source of PCBs

into the estuary and the lower harbor and bay. Therefore, risk

to public health and the environment would be reduced by

ierx>ving the Hot Spot. However, the ir^gnitude of this reduction

cannot be determined until an overall risk assessment of

remedial action is completed for the entire New Bedford Harbor

site. The overall risk assessment will be presented in the FS

for the estuary and lower harbor and bay, currently being

prepared by E.G. Jordan Co./Ebasco and scheduled to be completed

in the early spring of 1990.


Although dredging was demonstrated as an effective technology

for removing contaminated sediment in New Bedford Harbor, it is

expected that residual PCB and metals concentrations of 10 ppm

or less would be left in the Hot Spot area immediately following

dredging. A residual PCB sediment concentration of 10 ppm was

selected as the lower limit of cleanup. This clean-up level

represents a technical limitation based on engineering

considerations of dredging sediment, rather than a policy

decision for a TCL based on protection of human health and

biota. The results of the pilot dredging study indicate that

the 10-ppm limit is achievable when proper operational controls

are used during dredging. However, PCB and metals

concentrations in areas immediately adjacent to the Hot Spot may

remain in the greater than or equal to 1,000-ppm range.

Recontamination of the Hot Spot area may occur due to migration

of contaminated sediment from adjacent areas into the excavated

Hot Spot area. The detailed evaluation of remedial alternatives

for the estuary and the lower harbor and bay will consider the

significance of the residual contamination in the Hot Spot area

in terms of whether additional remedial action for the Hot Spot

is necessary, in conjunction with remedial action selected for

the estuary and lower harbor and bay, to achieve the overall

remedial objectives for New Bedford Harbor.


Incineration is a thoroughly proven technology for the

destruction or organics, and is therefore expected to provide a

complete and permanent remedy for treating PCB-contaminated

sediment. Solidification as a secondary treatment for the

incinerator ash is expected to provide an effective means of

immobilizing metals if the ash fails the leaching test. The

long-term permanence of solidification, however, is uncertain

because little long-term performance data exist to address this

issue.


Disposal of processed sediment in the unlined CDF is not

expected to present long-term risks to public health or the
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environment. Leaching of metals in the disposed sediment would 
constitute a possible source of contamination that would be 
reintroduced back into the environment. The concentration of 
m e t a l  s in the l e acha t  e is expected to be m i n i m a l  . 
Solidification of the incinerator ash would further reduce the 
leaching potential of residual metals if leaching testing 
indicated that the mobility of metals would be a potential 
problem. Placement of a cap on the CDF would also reduce the 
potential for leachate generation due to infil tration of 
precipitation and surface runoff. Furthermore, attenuation of 
leachate metals concentrations is expected as the leachate 
migrates through the earthen dikes of the CDF. Long-term 
monitoring and maintenance of the CDF cover and monitoring of 
the CDF dike would be necessary to assess leachate migration and 
contaminant concentration. 

7.3.5 Implementation 

7.3.5.1 Technical Feasibility 

Constructibilitv. The dredging operation that is anticipated to 
occur is a common operation and has been pilot tested in the 
cove area of the Acushnet River Estuary. Based on results of 
this pilot test, a cutterhead dredge is recommended, and the 
operating parameters of the dredge were established so that 
sediment resuspension is minimized. 

The dewatering and water treatment technologies are well-proven 
for the intended application. Prior to final design, bench-
scale studies would be required to determine equipment size, 
chemical dosage, and activated carbon requirements. 

Incineration is technically feasible and has been proven for 
destruction of organic compounds, including PCBs in soil, over a 
range of contaminant levels similar to those in Hot Spot area 
sediment. The Hot Spot sediment is not expected to have 
significant energy content; therefore, auxiliary fuels would be 
required to achieve the necessary temperatures. 

The solidification process that may need to be used to stabilize 
the incinerator's ash is a common process for treatment of 
metals in solid matrices. The USAGE bench-scale tests of 
untreated sediment from the Acushnet River Estuary indicate that 
solidification is an effective method for immobilizing PCS and 
some heavy metals. Additional bench tests are needed to 
determine if there is a process ( e . g .  , p ropr ie tar  y or 
formulations of
effectively immob

 conventional
ilize all other

 cement
 metals

 mixtures)
 of concern

 that would 
 within the 

incinerator ash. 
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Reliability. Hydraulic dredging with a cutterhead dredge has 
been demonstrated to be a reliable technology for use in New 
Bedford. Downtime during operational periods should be limited 
to clearing debris f rom or unclogging the cutterhead or 
pipeline. 

Incinerat ion systems are highly rel iable due to the 
sophistication of the technology employed and the degree of 
monitoring and control practiced. A destruction removal 
e f f ic iency ( O R E ) of 9 9 . 9 9 9  9 percent for various organic 
compounds and PCBs has been demonstrated. A trial burn would 
need to be completed prior to implementation to optimize 
operating parameters. Typical downt ime es t imates for 
incinerators are 20 to 30 percent for a system operating 24 
hours per day, seven days per week. This time is required for 
systems maintenance and inspections. 

The solidification bench-scale studies were conducted on 
untreated Hot Spot area sediment. Prior to f inal design, 
bench-scale studies would need to be performed on ash resulting 
from the incineration of sediment during test burns. These 
studies will be used to evaluate optimum ash/admixture 
proportions. 

The resulting solidified ash would be disposed of in the pilot 
study CDF. This facility would be used for both a settling tank 
for the dredged material and the f inal disposal area for 
thetreated ash. This facility is already constructed; 
therefore, disposal in this CDF is readily implemented. 

Additional Remedial Action. No remedial actions are anticipated 
f o l l o w i n  g incinerat ion of the Hot Spot area sediment. 
Destruction of the organics to achieve TCLs and immobilization 
of heavy metals in residual ash are expected following treatment 
operations. Future remedial actions may take place for sediment 
in the estuary outside the Hot Spot. However, Hot Spot area 
remediation should not affect the implementation of any of these 
future actions. 

Monitoring Considerations. Environmental monitoring of the 
dredging operation would include the monitoring of suspended 
solids around the dredging operation. Frequent inspection of 
the hydraulic pipeline would also be necessary to monitor 
pipeline integrity. 

Air monitoring would be conducted at predetermined locations 
near the dredging area and the treatment area throughout the 
remedial action period. 

Monitoring stations would also be set up at predetermined 
locations within the estuary to assess the degree of 
sediment/contaminant migration associated with dredging 
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operations. A monitoring approach similar to that used for the 
pilot study will be used during Hot Spot area dredging 
activities. 

Monitoring of the hydraulic pipeline would include at least one 
crew of workmen in small shallow-draft boats. The crews would 
be in radio contact with the dredge operator so that appropriate 
action can be taken in the e^ent of a leak or break in the 
line. Additional workmen would be required to monitor the 
operation of the three booster pumps. 

Monitoring of operations associated with the dewatering, 
handling, and transportation of contaminated sediment would need 
to be implemented for protection of workers and the public. 

Periodic sampling of water discharged from the water treatment 
facility would be necessary to ensure that system performance 
standards are met. 

Inc inera t io  n systems requir  e sophisticated monitoring 
instrumentation to control the combustion process and monitor 
stack emissions. Monitoring instruments provide data on the 
following parameters: 

fuel feed rates and pressures 
waste feed rates 
primary and secondary combustion chamber temperatures 
operating conditions of air pollution control equipment 
flue gas concentrations of oxygen, carbon monoxide, 
carbon dioxide, total hydrocarbons, hydrogen chloride, 
and total particulates 

• combustion air flow rates 

These data are used to optimize the efficiency of combustion, 
and should provide adequate information to assess system 
performance. 

7.3.5.2 Administrative Feasibility


Coordination between the lead agency (USAGE or EPA), the City of

New Bedford, and the Commonwealth of Massachusetts will be

important. Coordination would involve active communication,

including formal and informal meetings, among these agencies at

critical points in the remedial action process. Because there

would be no off-site activities, no permits are needed for this

alternative.


7.3.5.3 Availability of Services and Materials


Cutterhead dredges are readily available. Personnel to operate

the machinery are also available. Contractors and equipment for
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construction of the dewatering and water treatment plant are

also available to respond to requests for proposals in a timely

and responsive manner. "Turn-key" clean-up contractors capable

of executing the entire alternative are also available, thereby

increasing the likelihood of multiple responsive bids.


Mobile incineration units capable of treating 75 tons of

sediment per day are currently available. Approximately five

infrared incinerators, five rotary kilns, and two fluidized bed

units will be available in 1990. One of these units can be

mobilized on-site within a two-month period.


7.3.6 Cost


This subsection is a summary of costs associated with dredging,

incineration, and disposal of Hot Spot area sediment. Costs

associated with each component of the direct costs are listed in

Table 7-2. An estimate of indirect costs associated with the

remedial action, such as administrative, engineering, and health

and safety costs, is included for completeness.


Costs for site preparation, dredging, dewatering, water

treatment, sediment treatment, and disposal of treatment

residuals include expenses associated with mobilization/

demobilization, construction, and O&M of each component.

Because this alternative would use the USAGE pilot study CDF for

primary dewatering and treated sediment disposal, construction

costs are not included for these facilities. Incinerator

mobilization/demobilization includes costs for the set-up and

testing of one mobile incinerator capable of treating 75

tons/day. Sediment incineration costs were developed during the

detailed analysis of technologies and are estimated at

$374/ton. Land acquisition costs were not included in the cost

for this alternative because the majority of the land required

was leased to EPA for the USAGE pilot study. Total cost for

this alternative is estimated to be $14,397,300.


A sensitivity analyses was performed to determine which of the

alternative components were the most uncertain and therefore,

most likely to change the alternative costs. As a pilot study

had been performed on the dredging and water treatment

components of this alternative, these components were considered

to be accurate for the Hot Spot. Total costs for this

alternative are most sensitive to the volume of material being

treated and the unit costs for incineration. Results of the

USAGE pilot study indicate that, in order to dredge the sediment

without producing sediment redistribution, the dredge head

should take several passes over the sediment and not be buried

into the sediment. The disadvantage with this method is that it

produces a dredge effluent with a low percent solids (2 to 3

percent) . The advantage is that the USAGE believes it can

dredge the Hot Spot area accurately with minimal over-dredging.
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TABLE 7-2

COST ESTIMATE: ALTERNATIVE HS-2


ON-SITE INCINERATION


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


ACTIVITY COST ($)


I. CAPITAL COSTS


A. SITE PKZPM*ATION $ 345,̂ 00


B. DREDGE HOT SPOT SEDIMENTS ($121/CY) $ 1,210,000


C. SECONDARY DEWATERING ($52/CY) $ 575,000


D. WATER TREATMENT $ 1,059,000


E. HANDLING OF DEWATERED SEDIMENTS

($11.5/CY) $ 115,000


F. INCINERATOR MOBILIZATION/DEMOBILIZATION,

TRIAL BURNS, AND START-UP $ 690,000


G. INCINERATION OF SEDIMENTS ($374/TON) $ 4,577,000


H. SOLIDIFICATION OF ASH ($98/CY) $ 350,750


I. DISPOSAL OF SOLIDIFIED ASH IN SHORELINE

CDF (UNLINED) $ 221,950


TOTAL DIRECT COSTS $ 9,143,700


J. HEALTH AND SAFETY (ACTIVITIES B,

E, G) LEVEL C PROTECTION (@ 15%) $ 885,300


K. HEALTH AND SAFETY (ACTIVITIES A, C,

D, F, H, I) LEVEL D PROTECTION (@ 5%) $ 162,100


L. LEGAL ADMINISTRATION, PERMITTING

SECURITY (@ 6%) $ 548,600


M. ENGINEERING (@ 10%) $ 914,400


N. SERVICES DURING CONSTRUCTION (@ 10%) $ 914,400


0. CONTINGENCY (@ 20%) $ 1,828,800


TOTAL INDIRECT COSTS $ 5,253,600


TOTAL COST $14,397,300


5.89.18

0003.0.0




As illustrated in Figure 2-1, the boundaries of the Hot Spot

area are irregular. Removal of the Hot Spot may require

dredging additional areas adjacent to the current Hot Spot

boundaries to ensure removal of Hot Spot sediment. This may

increase the volume of material to be removed by as much as 20

percent in the top foot of material, and 10 percent in the

middle foot, for an additional sediment volume of approximately

1,800 cubic yards. In addition, the accuracy of the volume

estimate has been determined to be within this volume range.

This increase in volume would increase the cost of this

alternative from $14,397,300 to $17,071,300.


This alternative is also sensitive to the incineration unit cost

because this component contributes the largest fraction of the

overall alternative cost. Factors such as moisture content in

the sediment fed to the incinerator and increases in fuel costs

would both result in increased operating costs. A cost-

sensitivity analysis was performed to determine what effect an

increase in incineration costs would have on the overall cost of

the alternative.


A breakdown of costs associated with the alternative is depicted

in a pie-chart in the top half of Figure 7-4. Incineration

costs are the largest contributor to the overall costs.

Therefore, a sensitivity analysis was undertaken to determine

how changes in the incinerator operating costs would affect

alternative costs. A graphic showing the result of this

analysis is in the lower half of Figure 7-4. These results

indicate that a 25-percent increase in incineration costs would

increase the total alternative cost from $14.4 million to $16.1

million. The highest incineration cost reported is $575/ton.

If the costs for the Hot Spot sediment were to approach this

level, the total alternative cost would be approximately $18.4

million. This is considered unlikely. The costs for this

alternative are expected to range from $11,500,000 to

$13,500,000.


Solidification of the incinerated ash has been included because

it is assumed that the metal concentrations in the ash would be

sufficient to fail the leaching test. If this is not the case,

however, the solidification step can be omitted, resulting in a

savings of approximately $0.5 million.


7.3.7 Compliance with ARARs


Potential chemical-specific ARARs for the dredging and on-site

incineration of PCB-contaminated sediment are divided into two

media: surface water and air. Massachusetts Surface Water

Quality Standards (310 CMR 4.00) and the federal AWQC are the

surface water ARARs for this alternative. In addition to these

ARARs, the federal FDA levels is applicable as it applies to PCB

levels in biota consumed by humans. Removal of the Hot Spot,
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which constitutes approximately 45 percent of the mass of PCBs

in New Bedford Harbor, is not expected to result in reducing PCB

water concentrations below these levels. Removal of the Hot

Spot is an interim remedy consistent with the overall remedy

and, as such, need not comply with these ARARs.


Federal and state regulations pertaining to air emissions from

the incinerator and fugitive dust generated by site activities

are as follows:


• Federal National Air Quality Standards (40 CFR 40)

• State DEQE Air Quality Regulations (310 CMR 6.00-8.00)


These ARARs would be attained during site remediation by Best

Available Control Technologies (BACT) for treatment of the

incinerator air emissions and by fugitive dust control during

construction and remedial activities.


Potential location-specific ARARs for this alternative can be

divided into two groups: federal and state wetlands regulations

and federal floodplain regulations (see Appendix B). In this

alternative, the wetlands area immediately east of the Hot Spot

(IEP, 1988) is not expected to be significantly affected by

dredging activities. Dredging would be conducted to minimize

sediment resuspension and subsequent PCB migration. In

addition, the Hot Spot area lies on the opposite side of the

estuary so that accidental disruption or dredging of the

wetlands areas is unlikely. Federal regulations pertaining to

floodplains are as follows:


• RCRA Location Standards (40 CFR 264.18)

• Floodplains Executive Order (EO 11988)


Dredging of the Hot Spot is expected to create a minimal change

to the floodplain storage of the Acushnet River Estuary. In-

addition, compliance with these ARARs would be attained by

siting the treatment equipment outside the 100-year floodplain

of the Acushnet River.


Potential action-specific ARARs pertinent to the incineration of

sediment can be divided into the following three groups:


• ARARs associated with the construction and operation of 
an incinerator (RCRA facility and incinerator 
regulations, TSCA regulations, DEQE hazardous waste 
regulations) 

• ARARs associated with dredging activities (CWA 40 CFR 
R5, 404) 
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• ARARs associated with the regulation of hazardous waste

activities or federal work standards (OSHA Federal and

Safety Standards, Massachusetts Right-to-Know

Regulations)


The ARARs in each group are discussed in the following

paragraphs.


The RCRA facility regulations and the DEQE hazardous waste

regulations would be attained because these regulations would

serve as the basis for remedial design. Incineration

performance would be verified prior to full-scale application

through the use of test burns. Once the test burns are

successful, the incinerators would be operated in compliance

with applicable TSCA and RCRA regulations. Incinerated sediment

would be tested and disposed of in the pilot study CDF if it is

determined nonhazardous according to results of leaching tests.

RCRA technical standards would be relevant and appropriate if

process residuals fail EP toxicity. In this case, the

incinerated sediment would be solidified prior to disposal in

the pilot study CDF.


ARARs pertaining to dredging activities (i.e, CWA) would be

attained during dredging activities by conducting them to

minimize sediment resuspension and subsequent PCB mobilization.

This was successfully performed during the USAGE pilot test, and

similar procedures would be implemented during full-scale

dredging.


OSHA regulations and the Massachusetts Right-to-Know Regulations

(DPW-105 CMR 67, DOI-441 CMR 21, DEQE-310 CMR 33) would be

attained by incorporating the procedural requirements of these

regulations into the remedial design phase.


Appendix B includes the potential chemical-, location-, and

action-specific ARARs for this alternative in greater detail,

and outlines the corresponding remedial actions required to

attain each ARAR.


7.3.8 Overall Protection of Public Health and the Environment


The removal of PCBs from the Hot Spot and subsequent destruction

by incineration would permanently reduce the mobility, toxicity,

and volume of this source area of PCBs. Public health and

environmental risks directly associated with the Hot Spot would

be significantly reduced. Removal of the Hot Spot would also

serve to reduce PCBs affecting the remainder of the harbor. The

exact level of reduction cannot be quantified at this time;

however, from a qualitative standpoint, removing approximately

half the PCBs in this aquatic environment is expected to have a

substantial long-term effect.
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7.4 ALTERNATIVE HS-3: SOLIDIFICATION/DISPOSAL


7.4.1 General Description


Alternative HS-3 would consist of dredging the Hot Spot

sediment, dewatering of the sediment and treatment of all

process wastewaters produced during dewatering, ani on-site

solidification of the dewatered sediment to immobilize PCBs and

heavy metals. Disposal of the solidified material would be

off-site in an existing RCRA/TSCA-permitted facility. Figure

7-5 is a block diagram of Alternative HS-3. Figure 7-6 is a

process flow diagram of Alternative HS-3.


The volume of Hot Spot sediment (with PCB concentrations greater

than 4,000 ppm) was estimated to be 10,000 cy (in-situ) .

Results of the USAGE Pilot Dredging and Disposal Study indicate

that overdredging would not be necessary to ensure removal of

contaminated sediment (Otis et al., 1989). Therefore, 10,000 cy

(in-situ) of sediment removed from the Hot Spot would require

treatment. The total mass of solidified material that would

require disposal is approximately 17,400 tons. This solidified

mass would occupy a volume of approximately 14,000 cy.


Treatment of the Hot Spot sediment would take place in the pilot

study area (Figure 7-7) for the reasons discussed in Alternative

HS-2. The solidified material would be transported from the

pilot study area to the off-site RCRA/TSCA disposal facility.


The following paragraphs are detailed descriptions of the

response actions comprising Alternative HS-3. (See previous

descriptions of those response actions which do not change in

Alternative HS-2) . Descriptions of the response actions are

presented in the order shown in Figure 7-5.


Dredging. Dredging of the Hot Spot sediment and transport to

the CDF would be conducted as described in Alternative HS-2.


Dewaterina. Primary and secondary dewatering of the Hot Spot

sediment would be conducted as described in Alternative HS-2.


Water Treatment. Treatment of CDF effluent and dewatering

filtrate would be conducted as described in Alternative HS-2.


Solidification. Solidification/stabilization of waste material

is a fairly well-established technology, in use for

approximately 20 years. Hazardous waste applications typically

involve blending contaminated material with an inorganic

cementitious additive (e.g., Portland cement, kiln dust, fly

ash, or lime) to facilitate encapsulation of the hazardous

constituents. Encapsulation results from a pozzolanic reaction

(i.e., aluminous and siliceous compounds that harden in the
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presence of lime), whereby the cementitious additive forms 
crystalline calcium silicate hydrates , -calc ium aluminate 
hydrates, and calcium aluminosilicate hydrates. Thes  e 
interlocking compounds surround contaminants and, after 
curing, form structurally stable, less permeable matrices that 
inhibit contaminant mobility. 

Bench-scale studies of solidification/stabilization (S/S) 
conducted by USAGE indicated that cement-based formulations used 
as solidifying agents were effective in producing hardened 
material that significantly reduces the mobility of PCBs and 
metals. USAGE investigated S/S products of three technologies: 
Portland cement, Portland cement with Firmix proprietary 
additive, and Silicate Technology Corporation (STC) proprietary 
additive. Formulations for these tests were all on the order of 
a few tenths of a part of the additives to one part of wet 
sediment. USAGE tested these S/S formulations on estuary 
composite and Hot Spot sediment samples. 

Results of the USAGE work indicated that the three S/S processes 
can physically stabilize New Bedford Harbor sediment. All the 
f o r m u l a t i o n s  , except one Portland cement/wet sediment 
formulation, exceeded the minimum 50-pounds per square inch 
(psi) unconfined compressive strength (UCS) criteria established 
by the EPA Office of Solid Waste and Emergency Response (OSWER) 
(Myers and Zappi, 1988) . The highest 28-day UCS for any of the 
S /  S p rocesse  s w a  s 4 8  1 p s  i f o  r t h  e S T  C p r o c e s s  . 
Solidified/stabilized New Bedford Harbor sediment had strengths 
above the range normally associated with hard clays (28 to 56 
psi) and solidified industrial sludge (8 to 43 psi) , but lower 
than the range normally associated with low-strength concrete 
(Meyers and Zappi, 1988). Therefore, solidified New Bedford 
Harbor sediment would probably not be suitable as building 
materials to support heavy loads. 

Complete chemical stabilization of PCBs and metals was not 
achieved for the three S/S process formulations tested by 
USAGE. Batch leaching tests performed on ground-solidified 
sediment samples using distilled ionized water indicated that 
leaching of cadmium and zinc could be eliminated from processed 
sediment, and that leaching of lead could be reduced by two to 
three orders of magnitude. However, the amount of copper and 
nickel leached from the processed sediment was significantly 
higher for all three S/S processes than the amount leached from 
untreated sediment. The release of PCBs from processed sediment 
was reduced 10 to 100 times (Myers and Zappi, 1988). 

The three S/S processes tested by USAGE are among nearly two 
dozen commercial processes available. Additional bench-testing 
would be necessary, prior to final selection of a S/S process, 
to determine whether a formulation exists that is more effective 
in immobilizing PCBs and all heavy metals. 
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Solidification would be accomplished as a batch process.

Dewatered sediment would be mixed with the solidifying additives

in an enclosed trailer-mounted mixing unit to ensure uniform

mixing and to control potential air emissions of PCBs during the

mixing process. Based on the USAGE results and pending

additional testing, it is assumed that approximately 0.3 tons of

solidifying additive would be required for each ton of wet

sediment. Assuming a throughput rate or" 100 tons per day,

approximately 150 consecutive days wouldbe required to process

the 10,000 cy of Hot Spot sediment.


Disposal. The solidified material would be loaded into covered

dump trailers and transported to the selected RCRA/TSCA landfill

facility for final disposal. Chemical Waste Management, Inc. ,

operates a landfill in Model City, New York, that is currently

receiving PCS waste. The landfill, located approximately 500

miles from New Bedford, is the nearest site capable of accepting

the contaminated sediment. Selection of the disposal site,

however, would need to be made at the time of remedial action

for the Hot Spot area to ensure that the selected site has

available capacity and is in compliance with all appropriate

federal and state regulations.


7.4.2 Reduction in Mobility. Toxicity. and Volume


Solidification disposal of sediment in a landfill is expected to

reduce the mobility of PCBs and metals. However, the long-term

reduction in mobility cannot be assessed because physical

integrity of the solidified sediment over time is unknown.

Solidification would increase the volume of the treated sediment

by 20 to 40 percent.


7.4.  3 Short-term Effectiveness 

Risk to the community (i.e., local residents) is expected to be 
minimal during implementation of Alternative HS-3 for the same 
reasons discussed in Alternative HS-2 (see Subsection 7 .3 .3)  . 

Workers on-site during remedial activities could be exposed to 
contaminants by dermal contact and inhalation of airborne 
particulates or volatilized contaminants. Dermal and inhalation 
exposure to contaminants could arise as a result of dredging 
operations, such as clearing debris from or unclogging the 
dredgehead, dewatering the sediment, and handling the sediment 
during solidification operations. To minimize or prevent such 
exposure, personal protection equipment (i.e., respirators, 
overalls, and gloves) would be used. In addition, air 
monitoring would be conducted to ensure worker safety within 
immediate areas of remedial activity. 

7-34 



No adverse environmental impacts are expected as a result of

dredging of Hot Spot area sediment for the reasons discussed in

Alternative HS-2 (see Subsection 7.3.3).


Because the solidified material must be transported to a

RCRA/TSCA facility for disposal, there is a potential short-term

impact should one of the vehicles have an accident.


Based on a throughput rate of 150 tons per day, approximately 80

to 100 days would be required to complete the remedial

activities described in Alternative HS-3 to meet the remedial

response objectives.


7.4.4 Long-term Effectiveness and Permanence


The long-term effectiveness of dredging Hot Spot area sediment

to remove PCBs was discussed in Alternative HS-2 (see Subsection

7.3.4).


USAGE tests of solidification of New Bedford Harbor sediment

indicate that solidification can effectively immobilize PCBs and

certain heavy metals. The long-term permanence of

solidification, however, cannot be assessed because little

performance data exist to address this issue.


Disposal of processed Hot Spot sediment in an off-site permitted

facility would eliminate any long-term impacts to public health

and the environment in New Bedford associated with the Hot Spot.


7.4.5 Implementation


7.4.5.1 Technical Feasibility


Constructability. Few difficulties are expected to be

associated with construction and implementation of technologies

within this alternative. Dredging is a well-developed

operation, and few problems are anticipated with the hydraulic

transport of dredge material from the Hot Spot area to the

dewatering facility.


The dewatering and water treatment technologies have been used

extensively in the wastewater and water treatment industries.

Equipment necessary to dewater dredged materials and treat

PCB-contaminated filtrate has been bench-tested on Hot Spot area

sediment and is readily available.


Bench-scale tests performed by USAGE on Hot Spot area sediment

determined that S/S processes are capable of reducing the

leachability of PCBs and certain metals. Additional bench tests

are needed to determine if solidifying formulations exist that

would immobilize copper and nickel.
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Reliability. Hydraulic dredging with a cutterhead dredge has 
been demonstrated to be a reliable technology for use in New 
Bedford Harbor. Potential delays may be encountered in the 
dredging operation if debris along the shoreline areas is 
uncovered. 

No schedule delays £ re anticipated in the construction or 
operation of the dewatering and water treatment operations. 
Issues pertaining to acquisition of land for construction will 
not create delays because the CDF is already constructed. 

The long-term stability of solidified material containing PCBs 
and other organic compounds is unknown. However, disposal of 
the solidified sediment in an off-site TSCA/RCRA-approved 
facility should provide adequate containment of any leachable 
contaminants. Permitted facilities must meet the requirements 
set forth in TSCA/RCRA; therefore, disposal of sediment in a 
TSCA/RCRA facility can be considered a reliable technology. 

Ease of Undertaking Additional Remedial Action. No additional 
remedial actions are anticipated for Hot Spot area sediment 
because the final disposal of treated sediment would be in a 
secure landfill. However, future remedial actions may be 
required for sediment in the estuary outside the Hot Spot area. 
Hot Spot area remedial action should not a f f e c  t the 
implementation of any of these future actions. 

Monitoring Considerations. Environmental monitoring of the 
dredging operation would include sampling the water column in 
the dredging area and frequent inspection of the hydraulic 
pipeline to ensure pipeline integrity. 

Air monitoring would be conducted at predetermined locations 
near the dredging area and the treatment area throughout the 
remedial action period. 

Monitoring stations would also be set up at predetermined 
locations wi th i  n the estuary to assess the degree of 
sediment/contaminant migration associated with dredging 
operations. Baseline conditions (e.g., TSS, PCBs, and dissolved 
metals concentrations) established during the USAGE pilot study 
would be used as the starting point for Hot Spot area dredging 
activities. 

Monitoring of the hydraulic pipeline would include at least one 
crew of workmen in small, shallow-draft boats. The crews would 
be in radio contact with the dredge operator so that appropriate 
action can be taken in the event of a leak or break in the 
line. Additional workmen would be required to monitor the 
operation of the three booster pumps. 
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Appropriate monitoring of dewatering and solidification

operations would be necessary to provide protection to workers

and the public. Periodic sampling of the water discharged from

the water treatment facility would be necessary to verify that

system performance standards are met.


7.4.5.2 Administrative Feasibility


Coordination between the lead agency (USAGE or EPA), the City of

New Bedford, and the Commonwealth of Massachusetts will be

important. Coordination would involve active communication,

including formal and informal meetings, among these agencies at

critical points in the remedial action process. Because there

will be no off-site activities, permits will not need to be

obtained for this alternative.


7.4.5.3 Availability of Services and Materials


Cutterhead dredges are readily available. A maximum of 90 days

is anticipated for delivery and setup once ordered. Personnel

are also available to operate the machinery.


Contractors and equipment for construction of the water

treatment plant are also available to respond to requests for

proposals in a timely and responsive manner. "Turn-key"

clean-up contractors capable of executing the entire alternative

are also available.


Equipment required for solidification is readily available. The

necessary materials are also generally available. However, the

required quantities would result in the need for bulk delivery

and on-site storage facilities. Several solidification

specialists are available; therefore, multiple bids for the work

can be expected.


Availability of off-site disposal services depends on the time

of treatment and disposal. Presently, permitted landfills are

available for disposal. However, as existing landfills are

filled, new ones would need to be constructed and permitted to

replace them. Therefore, the final disposal site can only be

determined at the time of the removal action.


7.4.6 Cost


This subsection s u m m a r i z e  s costs associated with the 
solidification and off-site disposal alternative; estimated 
costs are provided in Table 7-3. The direct costs are included 
for each of the subcomponents: dredging, dewatering, water 
treatment, solidification, and disposal. Land acquisition costs 
were not included. An estimate of the indirect costs associated 
with the remedial action (e.g., administrative, engineering, and 
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TABLE 7-3

COST ESTIMATE: ALTERNATIVE HS-3


SOLIDIFICATION AND OFF-SITE DISPOSAL


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


ACTIVITY COST ($)


I. CAPITAL COSTS


A. SITE PREPARATION $ 345,000


B. DREDGE HOT SPOT SEDIMENTS ($121/CY) $ 1,210,000


C. SECONDARY DEWATERING ($52/CY) $ 575,000


D. WATER TREATMENT $ 1,059,000


E. SOLIDIFICATION OF DEWATERED SEDIMENTS $ 977,500

($98/CY)


F. TRANSPORTATION OF SOLIDIFIED SEDIMENTS

TO OFF-SITE LANDFILL ($5.20/LOADED MILE) $ 2,070,000


G. LANDFILL TIPPING FEES ($200/TON) $ 3,502,000


TOTAL DIRECT COSTS $ 9,738,500


H. HEALTH AND SAFETY (ACTIVITIES B,

E) LEVEL C PROTECTION (@ 15%) $ 328,100


I. HEALTH AND SAFETY (ACTIVITIES A, C,

D, F) LEVEL D PROTECTION (@ 5%) $ 202,500


J. LEGAL ADMINISTRATION, PERMITTING, SECURITY

ACTIVITIES (A, B, C, D, E @ 6%) $ 250,000


K. ENGINEERING (ACTIVITIES A, B, C, D, E @ 10%) $ 416,700


L. SERVICES DURING CONSTRUCTION

(ACTIVITIES @ A, B, C, D, E @ 10%) $ 416,700


M. CONTINGENCY (@ 20%) $ 1.947,700


TOTAL INDIRECT COSTS $ 3,561,700


TOTAL COST $13,300,200


5.89.18

0004.0.0




health and safety costs) is also included. The total cost of

the alternative is $12,168,000. This cost is based on

transporting the solidified sediment to the Chemical Waste

Management Landfill located in Model City, New York. Disposal

costs include expenses for transporting the solidified sediment

to the landfill and the landfill disposal fees.


A sensitivity analysis V.OLS performed for this alternative to

determine which component(s) had the highest likelihood of

changing and, therefore, affecting the total alternative costs.

Though this alternative is sensitive to a change in the amount

of sediment to be dredged and treated, it is most sensitive to a

change in the disposal facility which can accept the solidified

sediment. Therefore, a change in the disposal facilities was

chosen for a sensitivity analysis.


A breakdown of the alternative costs is represented by the pie

chart in Figure 7-8. It shows that the costs for transportation

and disposal of the solidified sediment at the Model City

Landfill are about 40 percent of the total cost. Chemical waste

landfills periodically have difficulty meeting requirements set

forth for the disposal of regulated wastes. Therefore, the

ultimate disposal site for the solidified sediment can only be

decided at the time of implementation. If at that time the

Model City Landfill is not in compliance with appropriate

regulations, another landfill would need to be selected. Two

other landfills capable of accepting PCB wastes were identified

as follows:


• Chemical Waste Management Landfill, Emelle, Alabama

• Envirosafe Services Landfill, Mountain Home, Idaho


The Emelle, Alabama, and Mountain Home, Idaho, landfills are

about 1,350 and 2,750 miles from New Bedford, Massachusetts,

respectively. Costs associated with the transport and disposal

of sediment to these three landfills are compared in the bar

chart in Figure 7-8. In this cost comparison, the tipping fees

for each landfill were assumed to be $200/ton, and

transportation costs were determined based on travel distance

from New Bedford to each of the three landfill sites. Costs

associated with the disposal of sediment to the Mountain Home,

Idaho, landfill would be nearly twice that of disposal in the

Model City, New York, landfill.


Costs for this alternative are expected to range from $13.3

million to $24.8 million. This is based primarily on the

availability of landfill capacity in a TSCA/RCRA landfill at the

time of disposal.
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7.4.7 Compliance with ARARs


Chemical-specific ARARs for the dredging, solidification, and

off-site disposal of Hot Spot area sediment can be divided into

two media: surface water and air. Massachusetts Surface Water

Quality Standards (310 CMR 4.00), and the federal AWQC criteria

level are the surface water ARARs for this alternative. In

addition, the federal FDA level for PCBs in biota consumed by

humans is a chemical-specific regulation applicable to final

clean-up levels. The Hot Spot area constitutes approximately 45

percent of the mass of PCBs in New Bedford Harbor. It is

suspected that the remaining PCBs would be sufficient to

continue the exceedance of these levels. This is an interim

remedy and, as such, need not comply with ARARs. The removal

of PCBs in the Hot Spot is consistent with the overall objective

of ultimately achieving these criteria.


Federal and state regulations pertaining to air emissions from

the remedial activities include the following:


• Federal National Air Quality Standards (40 CFR 40)

• State DEQE Air Quality Regulations (310 CMR 6.00 -


8.00)


These ARARs would be attained during site remediation by the

application of fugitive dust controls.


Potential location-specific ARARs for this alternative can be

divided into three groups:


• federal and state wetlands regulations

• federal floodplain regulations


As outlined in Subsection 7 .2 .3  , compliance with wetlands 
regulations would be attained by minimizing activities in these 
areas. The floodplain regulations would be attained by locating 
the treatment facility outside the 100-year floodplain. The 
actual dredging of sediment is expected to have minimal effect 
on the Acushnet River floodplain. 

Potential action-specific ARARs pertinent to solidification and 
disposal of sediment can be divided into the following four 
groups: 

• ARARs associated with the construction and operation of 
a t reatment fac i l i t  y ( R C R  A regu la t ions  , TSCA 
regulations, DEQE hazardous waste regulations) 

• ARARs associated with dredging activities (CWA 40 CFR 
R5, 404) 
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• ARARs associated with the storage, transportation and

disposal of hazardous wastes (RCRA 40 CFR 268; DOT 49

CFR 107, 171.1 - 172.6)


• ARARs associated with the regulation of hazardous waste

activities or federal work standards (OSHA Federal

Safety Standards, Massachusetts Right-to-Know

Regulatior 3)


ARARs in each group are discussed in the following paragraphs.


The RCRA facility regulations and DEQE hazardous waste

regulations would be attained because these regulations would

serve as the basis for remedial design. ARARs pertaining to

dredging activities (CWA) would be attained during dredging

activities by conducting these activities to minimize sediment

resuspension and subsequent PCB mobilization. This was

successfully demonstrated during the USAGE pilot test; similar

procedures would be implemented during full-scale dredging.


DOT Rules for Transportation of Hazardous Materials (49 CFR

171.1 - 172.558) would be attained by incorporating requirements

of this regulation into the remedial design.


OSHA regulations and the Massachusetts Right-to-Know Regulations

(DPW-105 CMR 67, DOI-441 CMR 21, DEQE-310 CMR 33) would be

attained by incorporating the procedural requirements of these

regulations into the remedial design phase.


Appendix B presents the potential chemical-, location-, and

action-specific ARARs for this alternative in greater detail,

and outlines the corresponding remedial actions required to

attain each ARAR.


7.4.8 Overall Protection of Public Health and the Environment


The removal, solidification, and off-site disposal of Hot Spot

area sediment in a TSCA/RCRA facility would permanently reduce

PCB mobility in the estuary. Public health and environmental

risks directly associated with the Hot Spot area would be

significantly reduced. The exact level of reduction, however,

cannot be quantified at this time. Qualitatively, the removal

of approximately half the PCBs in the aquatic environment is

expected to have a substantial long-term effect on health and

environmental risks.


7-42




7.5 ALTERNATIVE HS-4: SOLVENT EXTRACTION 

7.5.1 General Description 

Alternative HS-4 would consist of dredging the Hot Spot area 
sediment, dewatering the sediment and treating all process 
wastewater produced during dewatering, and on-site solvent 
extraction of the dewatered sediment to remove PCBs. The 
processed sediment would be subjected to leaching tests to 
determine whether heavy metals remaining in the sediment 
following solvent extraction would exceed maximum allowable 
leachate concentrations. If it fails the leaching test, the 
processed sediment would be solidified to immobilize the heavy 
metals. The processed sediment would be disposed in an unlined 
shoreline facility. Figure 7-9 is a block diagram of 
Alternative HS-4. Figure 7-10 is a process flow diagram of 
Alternative HS-4. 

The volume of Hot Spot area sediment (with PCS concentrations 
greater than 4 , 0 0  0 ppm) was estimated to be 10,000 cy (in-
situ). Results of the USAGE Pilot Dredging and Disposal Study 
indicate that overdredging would not be necessary to ensure 
removal of contaminated sediment (Otis et al. , 1989). 
Therefore, 10,000 cy (in-situ) of sediment removed from the Hot 
Spot area would require treatment. 

Treatment and disposal of the Hot Spot area sediment would take 
place in the pilot study area (Figure 7-11) for the reasons 
discussed in Alternative HS-2. 

The following paragraphs are detailed descriptions of the 
response actions comprising Alternative HS-4. (See descriptions 
of those response actions which do not change in Alternative 
HS-4.) Descriptions of the response actions are presented in the 
order shown in Figure 7-9. 

Dredging. Dredging of the Hot Spot sediment and transport to 
the CDF would be conducted as described in Alternative HS-2. 

Dewaterina. Primary and secondary dewatering of the Hot Spot 
area sediment will be conducted as described in Alternative 
HS-2. 

Water Treatment. Treatment of CDF effluent and dewatering 
filtrate will be conducted as described in Alternative HS-2. 

Solvent Extraction. Solvent extraction is the process of 
leaching a soluble substance f rom a solid with a liquid 
solvent. Although PCBs characteristically have relatively low 
solubilities in water, they are readily soluble in certain 
organic solvents under appropriate conditions of temperature 
and/or pressure. 

7-43 



PROCESS 
SEDIMENT UNLINED REMOVAL DEWATERING RESIDUAL ^

TREATMENT DISPOSAL TREATMENT 

^ CUTTERHEAD 4> SETTLING IN CDF O EXTRACTION ^ SOLIDIFICATION 4- SHORELINE 
DREDGE •» FILTER PRESS + INCINERATION 

FIGURE 7-9 
ALTERNATIVE HS-4 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR 

4959-22 

WATER 
TREATMENT 

COAGULATION/ 
FLOCCULATION/ 
PRECIPITATION 
SEDIMENTATION 
FILTRATION 
CARBON ADSORPTION 



WATER TREATMENT 
ACTIVATED CARBON 

n 
640,000 GAL/DAY 

CHEMICAL ADDITION 
(2,720 TONS/DAY) 

NO SOLIDS 

690,000 GAL/DAY 
(3,000 TONS/DAY) DEWATERING 

(2.5% SOLIDS) 

WATER TO 
TREATMENT 

REMOVAL 
29,000 GALLONS/DAY SOLVENT EXTRACTION 

125 TONS/DAY 
(2% SOLIDS) NEW 

SOLVENT 

204 CY/DAY 
-2«7 TONS/DAY—H* 

(20% SOLIDS) 

75 TONS/DAY 
(61 CY/DAY) 

3.75 TONS/DAY 

SOLIDIFICATION (905 GAL/DAY) 

MOBILE 
MIXING 
UNIT 

FIGURE 7-10 

4959-22 

16.S TONS/DAY
SOLIDIFYING AGENT 

^ 
SOLIDIFYING 

AGENT 
STORAGE 

50 TONS/DAY^ 
(40.5 CY/DAY)^ 

ALTERNATIVE HS-4 
PROCESS FLOW DIAGRAM 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR 



D \ H T M O L T 11 
SITE MANAGER 
TRAILER 

FIELD EQUIPMENT I 
SUPPLKS SOLVENT -MOBIEPLATE* 

CITE CONTROL AREA • 
EXTRACTION 

WIT(S) 
FRAME FILTER PRESS i 

MOBILE LABORATORY • 

CHEMICAL 
STORAGE AREA 

MOBILE SOLIDIFICATION IHIT 

il 
th 

- SOLIDIFYING AGENT 
STORAGE 
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The removal efficiency of solvent extraction depends on the

number of extraction steps. The amount of PCBs that can be

removed from the sediment during any one extraction step is

limited by the following (E.G. Jordan Co./Ebasco, I987c):


• the contaminant's solubility in the solvent


• the solvent and sediment mixing efficiency


• mass transfer coefficients governing the rate at which

the contaminant dissolves


• the time the solvent and sediment are in contact


• the ability to separate solvent from the sediment


• the presence of interfering substances in the sediment


Treatment tests were conducted on New Bedford Harbor sediment

using two solvent-extraction technologies: the TEA-based BEST

process developed by RCC; and the liquified (gas) propane

process developed by CF Systems. Treatment tests using the RCC

process were conducted on a bench-scale, while the CF Systems

process was tested on a pilot-scale as part of the EPA SITE

program. Descriptions of these technologies and a brief summary

of the test results are in Subsection 5.4.2. Based on treatment

test results, only the BEST process was retained as a viable

solvent extraction technology. In the following paragraphs, the

BEST process has been selected as the example technology for

detailed evaluation of sediment treatment using solvent

extraction.


Solvent extraction of PCBs (and the associated oil fraction)

from Hot Spot area sediment would begin with mixing the

dewatered Hot Spot area sediment with an appropriate solvent.

After mixing, the solvent containing PCBs and the sediment

containing little or no residual PCBs would be separated by

conventional methods (e.g., centrifugation or gravity

settling). The PCB/oil fraction is separated from the solvent,

by either changing the temperature and/or pressure of the

solvent which changes the solubility of the PCBs, or by

distillation methods. The solvent is subsequently recycled and

the PCB/oil fraction can be disposed of via incineration.


The solvent extraction process depicted in Figure 7-6 is a

simplified representation of the BEST process. Throughput rate

for a solvent extraction unit is assumed to be 75 tons (i.e., 61

cy) of dewatered sediment per day. Therefore, approximately 160

consecutive days would be required to treat 10,000 cy of Hot

Spot area sediment. The dewatered sediment would be separated

into three distinct effluent streams: sediment solids, water,
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and an extract containing PCBs and oil. The 35.5 tons per day

of sediment solids containing residual PCBs and metals may

require additional treatment prior to ultimate disposal.

Leaching tests would be used to determine the need for secondary

treatment, such as solidification. Laboratory-scale work

currently being conducted by RCC indicates that the addition of

10 percent (by weight) of solidifying agent to the processed

sediment is effective in immobilizing residual PCBs and metals

(RCC, 1989b).


The 29,000 gallons per day (gpd) of water removed from the

sediment would be recycled back to the primary cell of the CDF

for eventual water treatment (Subsection 7.3.1).


Approximately 905 gallons per day (gpd) of PCB/oil extract would

be generated. The total volume of PCB/oil extract produced

during the solvent extraction operation would be approximately

144,800 gallons. The PCB/oil fraction would be incinerated at

an off-site facility. Thirty truckloads, each with a capacity

of 5,000 gallons, would be required to transport the PCB extract

to an off-site incinerator. Several incinerators are capable of

treating this extract: the GE facility in Pittsfield,

Massachusetts; the SCA facility in Chicago, Illinois; the Aptas

facility in Coffeeville, Kansas; the ENSCO incinerator in

ElDorado, Arkansas; and the Rollins facility in Deer Park,

Texas. Selection of the final incineration facility would be

made just prior to implementation of remedial action, and would

depend on the available capacity and regulatory status of the

receiving facility.


Disposal. The process sediment would be disposed of as

described in Alternative HS-2.


7.5.2 Reduction in Mobility. Toxicity. and Volume


Solvent extraction of Hot Spot area sediment would provide a

reduction in both the mobility and volume of PCBs by physically

removing them from the sediment. A reduction in PCB toxicity

would be achieved by incineration of the PCB/oil extract.


Solidification of processed sediment may be required as a

secondary treatment to immobilize residual PCBs and metals.

Solidification would achieve a reduction in mobility of the

residual PCBs and metals, but would increase the volume of

processed sediment by 20 to 40 percent.


7.5.3 Short-term Effectiveness


Risk to the community (i.e., local residents) is expected to be

minimal during implementation of Alternative HS-4 for the same

reasons discussed in Alternative HS-2 (see Subsection 7.3.3).
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Workers on-site during remedial activities could be exposed to 
contaminants by dermal contact and inhalation of airborne 
particulates or volatilized contaminants. Dermal and inhalation 
exposure to contaminants could arise as a result of dredging 
operations (e.g. , clearing debris f rom or unclogging the 
dredgehead) , dewatering the sediment, and solvent extraction 
operations (e.g., contact with the TEA solvent and PCB/oil 
fraction). To minimize or prevent such exposure, personal 
protection equipment (i.e., respirators, overalls, and gloves) 
would be used. In addition, air monitoring would be conducted 
to ensure worker safety within immediate areas of remedial 
activity. 

No adverse environmental impacts are expected as a result of 
dredging of Hot Spot area sediment for the reasons discussed in 
Alternative HS-2 (see Subsection 7 .3 .3) . 

Because the PCB/oil extract must be transported to an 
appropriate facility for destruction, there is a potential 
shrot-term impact should one of the tank trucks have an 
accident. 

Based on a throughput rate of 75 tons per day for the solvent 
extraction unit, approximately 150 to 170 days would be required 
to complete the remedial activities described in Alternative 
HS-4 to meet the remedial response objectives. 

7.5.4 Long-term Effectiveness and Permanence 

The long-term effectiveness of dredging Hot Spot area sediment 
to remove PCBs was discussed in Alternative HS-2 (see Subsection 
7.3.4) . 

Bench tests conducted on New Bedford Harbor sediment indicate 
that solvent extraction can effectively remove more than 99 
percent of the sediment PCBs. However, the processed sediment 
may require secondary treatment to immobilize metals that would 
not be extracted. Limited data are available to assess 
full-scale operation of solvent-extraction technologies. 

Disposal of processed sediment in the unlined CDF is not 
expected to present long-term risks to public health or the 
environment. Processed sediment containing residual PCBs and 
metals would constitute the only source of contamination that 
would be reintroduced into the environment. However, the 
concentration of PCBs and metals in any leachate generated is 
expected to be minimal. Solidification of the processed 
sediment (as a secondary treatment step to immobilize metals) 
would further reduce the leaching potential of the PCBs and 
metals. Placement of a cap on the CDF would reduce the 
potential for leachate generation due to infi l t rat ion of 

7-49




precipitation and surface runoff. Furthermore, attenuation of 
leachate contaminant concentrations would be expected as the 
leachate migrated through the earthen dikes of the CDF. 
Long-term monitoring and maintenance of the CDF cover and 
monitoring of the CDF dike would be necessary to assess leachate 
migration and contaminant concentration. 

7.5.5 Implementation 

7.5.5.1 Technical Feasibility 

Constructabilitv. Dredging operations that would occur at the 
Hot Spot area were proven effective in the USAGE dredging pilot 
study. 

The dewatering and water treatment technologies are well-
developed for their intended application. Prior to f ina  l 
design, bench-scale studies would be required to determine 
equipment size, chemical dosage, and act ivate d carbo  n 
requirements. 

Solvent extraction has been demonstrated to be technically 
feasible for treating Hot Spot area sediment. However, limited 
performance data is available on the ability to scale up solvent 
extraction to treat 10,000 cy of Hot Spot area sediment. Pilot 
tests of this treatment technology are warranted prior to 
implementation. 

Incineration of the PCB/oil extract is currently the most 
appropriate available technology for the destruction of PCB 
materials. The treatment would occur at a facility permitted to 
treat such waste. 

Solidification of the solid process residuals is a common method 
for reduction of the mobility of metals in solid matrices. The 
process would result in a material that can be easily handled 
and is stable for disposal. 

Reliability. Hydraulic dredging with a cutterhead dredge has 
been demonstrated to be a reliable technology for use in New 
Bedford. Downtime during operational periods should be limited 
to clearing debris from or unclogging the cutterhead. 

A 100-ton-per-day BEST unit was used to treat oily sludge at a 
site near Savannah, Georgia. The sludge was contaminated with 
approximately 10 ppm of PCBs. The process was able to provide 
about 99-percent removal of PCBs from the sludge. However, some 
problems were encountered with the materials-processing 
equipment during the operation. Changes in process design were 
incorporated, and it is anticipated that performance of the 
equipment will be improved. 
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RCC is currently developing a new hardware system consisting of

Littleford rotary washer-dryer units. This system will

allow more efficient mixing of solvent and solids, thereby

increasing the extraction efficiency per stage. In addition,

the sediment is not moved from one reaction stage to the next,

as in the original 100-ton-per-day unit, which simplifies

material handling.


Ease of Undertaking Additional Remedial Action. No additional

remedial actions are anticipated if the solvent extraction

process proves successful. However, if the solvent-extraction

process is proven unsuccessful, a mobile incinerator could

readily be brought on-site to treat the dredged material. In

addition, future remedial actions may be required for sediment

in the estuary outside the Hot Spot area. Hot Spot remedial

action should not affect implementation of any of these future

actions. Instead, experience gained during Hot Spot remediation

would provide a valuable source of knowledge pertaining to the

dredging, treatment, and disposal of contaminated sediment.


Monitoring Considerations. Environmental monitoring of the

dredging operation would include sampling of the water column in

the dredging area, frequent inspection of the hydraulic pipeline

would also be necessary to monitor pipeline integrity.


Air monitoring would be conducted at predetermined locations

near the dredging area and the treatment area throughout the

remedial action period.


Monitoring stations would also be established at predetermined

locations within the estuary to assess the degree of

sediment/contaminant migration associated with dredging

operations. Baseline conditions (i.e., TSS, PCBs, and dissolved

metals concentrations) developed during the pilot study would be

used as a starting point for Hot Spot dredging activities.


Monitoring of the hydraulic pipeline would include one crew of

workmen in small, shallow-draft boats. The crew would be in

radio contact with the dredge operator so that appropriate

action can be taken in the event of a leak or break in the

line. Additional workmen would be required to monitor the

operation of the booster pumps.


Appropriate monitoring of dewatering and solidification

operations would be necessary to provide protection to workers

and the public. Periodic sampling of the water discharged from

the water treatment facility would be necessary to ensure system

performance standards are met.
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7.5.5.2 Administrative Feasibility


Coordination between the lead agency (USAGE or EPA), the City of 
New Bedford, and the Commonwealth of Massachusetts will be 
important. Coordination would involve active communication, 
including formal and informal meetings, among these agencies at 
critical points in the remedial action process. Because there 
will be no off-site activities, permits need not be obtained for 
this alternative. 

7.5.5.3 Availability of Services and Materials 

Cutterhead dredges are readily available and a maximum of 90 
days is anticipated for delivery and setup once ordered. 
Personnel are also available to operate the machinery. 

Contractors and equipment for construction of the dewatering and 
water treatment plant are available to respond to requests for 
proposals in a timely and responsive manner. "Turn-key" 
clean-up contractors capable of executing the entire alternative 
are also available, thereby increasing the likelihood of 
multiple responsive bids. 

Only one full-scale unit is currently available for the BEST 
process. This unit is designed for a 10 0- ton-per -da  y 
operation. gnwever, the new hardware processing system using 
the Littleford rotary washer-dryer units should be available 
by the end of 1989. 

No full-scale units using CF Systems supercritical extraction 
process are currently available; however, construction of a 
full-scale treatment unit is underway. 

7.5.6 Cost 

Costs for Alternative HS-4, solvent extraction, are summarized 
in Table 7-4. Dredging, dewatering, water treatment, and 
disposal costs include expenses relating to equipment 
mobilization, operation, and labor. A separate cost associated 
with mobilization of solvent-extraction equipment is also 
included. A solvent extraction unit cost of $200 per ton was 
used for this cost analysis. Costs for disposal of the PCB 
extract were estimated at $4.20 per gallon for disposal, with 
transportation estimated at $4.50 per loaded mile (5,000-gallon 
tank truck) to the SCA incinerator in Chicago, Illinois. 

Indirect costs a s soc ia t e  d w i t  h h e a l t  h an  d s a f e t y  , 
administration, engineering, and services during construction 
are included along with a 20-percent contingency to cover any 
unexpected occurrences. Land acquisition costs were not 
considered when developing this cost estimate because the pilot 
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TABLE 7-4

COST ESTIMATE: ALTERNATIVE HS-4


SOLVENT EXTRACTION


HOT SPOT FEASIBILITY STUDY

NEW BEDFORD HARBOR, MASSACHUSETTS


ACTIVITY COST ($)


I. CAPITAL COSTS


A. SITE PREPARATION $ 345,000


B. DREDGE HOT SPOT SEDIMENTS ($121/CY) $ 1,210,000


C. SECONDARY DEWATERING ($52/CY) $ 575,000


D. WATER TREATMENT $ 1,059,000


E. SOLVENT EXTRACTOR PILOT STUDY $ 115,000


F. SOLVENT EXTRACTOR MOBILIZATION,

DEMOBILIZATION, AND DECONTAMINATION $ 575,000


G. SOLVENT EXTRACTION OF SEDIMENTS ($200/TON) $ 2,484,000


H. OFF-SITE DISPOSAL OF PCB EXTRACT $ 870,600


I. SOLIDIFICATION OF SOLID RESIDUALS

(OPTIONAL) ($98/CY) $ 350,750


J. DISPOSAL OF SOLIDIFIED RESIDUAL IN

SHORELINE CDF (UNLINED) $ 222,000


TOTAL DIRECT COSTS $ 7,806,350


K. HEALTH AND SAFETY (ACTIVITIES B, E,

G) LEVEL C PROTECTION «? 15%) $ 571,400


L. HEALTH AND SAFETY (ACTIVITIES A, C,

D, F, H, I, J) LEVEL D PROTECTION (@ 5%) $ 200,000


M. LEGAL ADMINISTRATION, PERMITTING, SECURITY

(@ 6%) $ 468,400


N. ENGINEERING (@ 10%) $ 780,600


0. SERVICES DURING CONSTRUCTION (@ 10%) $ 780,600


P. CONTINGENCY (@ 20%) $ 1,561,300


TOTAL INDIRECT COSTS $ 4,362,300


TOTAL COST $12,168,650


5.89.18
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study would be used for all treatment disposal activities. The 
total cost for the alternative is estimated to be $12,168,650. 

Since solvent extraction is an innovative technology and 
unproven in full scale applications, costs associated with this 
component were considered to be the most sensitive to change. 
Therefore, the sensitivity analysis performed for this 
alternative centered around this component. Three variations 
were analyzed: additional extraction steps, the accuracy of the 
vendor price quote to full scale operation, and the costs to 
incinerate the soil should the technology fail. 

The $200-per-ton cost estimate developed by RCC for the BEST 
process is based on treating the Hot Spot area sediment with a 
range of four to six extractions. Additional extractions may be 
required in a full-scale process to achieve TCL levels. Figure 
7-12 contains a pie chart showing the breakdown of costs 
associated with this alternative. Costs for solvent extraction 
are the largest single direct cost associated with this 
alternative, accounting for approximately 35 percent of the 
overall cost. The bar chart in Figure 7-12 illustrates a 
sensitivity analysis performed to determine the variability of 
costs as a function of extraction steps. As illustrated in 
Figure 7-12, the alterative costs are not sensitive to the need 
for additional extraction stages. 

Unit costs from vendors are difficult to verify without actual 
field data. It is possible that unit costs could increase by as 
much as 50 percent due to unforeseen circumstances in scale-up 
from pilot test to actual field implementation. If this were to 
occur, then the total alternative costs could expand f ro  m 
$12,168,650 to $14,197,500. 

Since solvent extraction is an innovative technology, the 
potential exists that solvent extract ion f o l l o w e  d by 
solidification would be incapable of achieving the target 
clean-up levels. If this were to occur, a mobile incinerator 
could be brought on-site to incinerate the extracted sediment. 
From Table 7-2, an additional $690 ,00  0 would be required to 
mobilize an incinerator, plus $4 ,577 ,00  0 to incinerate the 
extracted sediment. The total additional cost that could be 
expended is estimated to be $5,267,000. It is unlikely that 
this would occur as a pilot-scale test would be performed prior 
to full-scale operations to verify compliance with target 
clean-up levels. This cost, therefore, represents the upper 
limit of the sensitivity analysis for this alternative. The 
total alternative cost under this scenario would be $17.  4 
million. 

As with Alternative HS-2, this alternative is sensitive to the 
total amount of sediment removed. If an additional 1,800 cy of 
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ALTERNATIVE HS-4: ON-SITE SOLVENT EXTRACTION 
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sediment would require dredging for operational considerations,

then the total cost of this alternative would increase from

$12.1 million to $14.1 million.


To summarize the sensitivity analyses, the costs for solvent

extraction were based on vendor price quotes and have not been

verified during full-scale remediation. Because of this, the

costs are expected to range from $12.1 million to $14.1

million. Under a worst-case scenario of the technology failing,

the costs could approach $17.4 million.


7.5.7 Compliance with ARARs


Potential chemical-specific ARARs for dredging and solvent

extraction of Hot Spot area sediment can be divided into two

media: surface water and air. Massachusetts Surface Water

Quality Standards (310 CMR 4.00), federal AWQC criteria are the

surface water ARARs for this alternative. In addition, the

federal FDA level for PCBs in biota consumed by humans is a

regulation applicable to final clean-up levels. Removal of the

Hot Spot, which constitutes approximately 45 percent of the mass

of PCBs in New Bedford Harbor, is not expected to result in

reducing PCB water concentrations below these levels. This is

an interim remedy and, as such, need not comply with ARARs.

Removal of PCBs in the Hot Spot is consistent with the overall

objective of ultimately achieving these criteria.


Federal and state regulations pertaining to air emissions from

remedial activities include the following:


• Federal National Air Quality Standards (40 CFR 40)

• State DEQE Air Quality Regulations (310 CMR 6.00 -


8.00)


These ARARs would be attained during site remediation by the

application of BACT for any emissions from the

solvent-extraction unit and fugitive dust control for

dust-related activities.


Potential location-specific ARARs for this alternative can be

divided into three groups:


• federal and state wetlands regulations

• federal floodplain regulations


As outlined in Subsection 4.2.3, compliance with wetlands

regulations would be attained by minimizing activities in these

areas. The floodplain regulations would be attained by locating

the treatment facility outside the 100-year floodplain. The

actual dredging of the sediment is expected to have minimal

effect on the Acushnet River floodplain.
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Potential action-specific ARARs pertinent to solvent extraction

and disposal of sediment can be divided into four groups:


• ARARs associated with the construction and operation of 
a treatment facility (RCRA regulations, TSCA 
regulations, DEQE hazardous waste regulations) 

• ARARs associated with dredging activities (CWA 40 CFR 
R5, 404) 

• ARARs associated with the treatment, transportation, 
and disposal of hazardous wastes (TSCA 40 CFR 761.70 -
761.79 RCRA 40 CFR 268, DOT 49 CFR 107, 171.1  172.6) 

• ARARs associated with the regulation of hazardous waste 
activities or federal work standards (OSHA Federal 
Safety Standards, Massachusetts Right-to-Know 
Regulations)


The ARARs in each group are discussed in the following

paragraphs.


The RCRA facility regulation and DEQE hazardous waste

regulations would be attained because these regulations would

serve as the basin for remedial design. ARARs pertaining to

dredging activities (CWA), would be attained during dredging

activities by conducting these activities to minimize sediment

resuspension and subsequent PCB mobilization. This was

successfully performed during the USAGE pilot test, and similar

procedures would be implemented during full-scale dredging.


The TSCA storage and disposal regulations (40 CFR 761.6 -

761.79) are applicable to the treatment and disposal of Hot Spot

sediment. Under these regulations, solvent extraction would be

considered an alternative treatment technology and would need to

achieve a level of performance equivalent to incineration (i.e.,

2 ppm) prior to disposal. In the event that solvent extraction

does not achieve the 2 ppm concentration, the treated residue,

coupled with solidification, could be landfilled in compliance

with TSCA regulations. As a dredge spoil, the treated sediment

is not necessarily required to meet specific performance levels

as long as it can be demonstrated there will be no adverse

effects to human health and the environment. DOT Rules for

Transportation of Hazardous Materials (49 CFR 171.1 - 172.558),

which are applicable to the transport of PCB extract, would be

attained by incorporating the requirements of this regulation

into remedial design.


OSHA regulations and the Massachusetts Right-to-Know Regulations

(DPW-105 CMR 67, DOI-441 CMR 21, DEQE-310 CMR 33) would be
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attained by incorporating the procedural requirements of these 
regulations into the remedial design phase. 

Appendix B presents the potential chemical-, location-, and 
action-specific ARARs for this alternative in greater detail, 
and also outlines corresponding remedial actions required to 
attain each ARAR. 

7.5.8 Overall Protection of Public Health and the Environment 

The removal, solvent extraction, and on-site disposal of the Hot 
Spot area sediment would permanently reduce the toxicity and 
mobility of PCBs in the estuarine environment. Public health 
and environmental risks directly associated with the Hot Spot 
would be significantly reduced. The exact level of reduction, 
however, cannot be quantified at this time. Qualitatively, the 
removal of approximately half the PCBs in the aquati  c 
environment is expected to have a significant long-term effect. 
The mass of PCBs in the Hot Spot area accounts for approximately 
45 percent of the total PCBs in the harbor. Removal of this PCB 
mass will provide an immediate improvement to the environmental 
conditions in that specific area of the harbor; however, 
resultant effects from this improvement will significantly 
decrease in distance from the removal area. As an initial step 
to overall clean-up of the harbor, this is a significant action 
of value to achieving safe levels for the protection of human 
health and the environment. 

7.6 COMPARISON OF REMEDIAL ALTERNATIVES 

A comparative analysis was performed to evaluate the relative 
performance of each alternative in relation to each of the 
evaluation criteria. The purpose of this comparative analysis 
is to identify the advantages and disadvantages of each 
alternative relative to one another so that key trade-offs can 
be identified. The comparative analysis is presented for each 
criterion in the following subsections. This comparative 
analysis serves as a summary for the detailed evaluation of 
alternatives. 

7.6.1 Reduction in Mobility. Toxicity. and Volume 

Alternatives HS-2 and HS-4 provide the greatest reduction in 
mobility, toxicity, and volume because both permanently treat 
and destroy PCBs. Reduction in toxicity and mobility are also 
achieved if solidification is not required to prevent leaching 
of the metals. 

Alternative HS-3 provides the next level of treatment in that 
the mobility of the Hot Spot area sediment is permanentl  y 
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reduced by solidification and off-site disposal in a TSCA/RCRA

facility. The toxicity of the PCBs, however, is not reduced and

there is a volume increase due to the solidification process.


Alternative HS-1, the no-action alternative, provides no

reduction in mobility, toxicity, or volume because it employs no

treatment.


7.6.2 Short-term Effectiveness


Each alternative would be equally effective at protecting the 
community during remedial actions. Alternative HS-2 would pose 
the greatest risk to workers due to the inherent risks 
a s soc ia t e  d w i t  h the high opera t in  g tempera ture  s of 
incineration. Each alternative is also equally effective with 
respect to adverse environmental impacts. Each alternative 
removes the contaminated sediment by a cutterhead dredge using 
procedures developed and tested by USAGE to minimize PCB 
migration. Alternatives HS-2, HS-3, and HS-4 all have 
implementation times of approximately one year. HS-1, the 
no-action alternative, has no minimal short-term effectiveness 
because there are minimal construction activities. 

7.6.3 Loner—term Effectiveness and Permanence 

Alternatives HS-2 and HS-4 provide the greatest long-term 
effectiveness and permanence because they permanently treat the 
PCB-cpntamination and reduce the mobility of the metal 
contamination where needed. Alternative HS-4 has an advantage 
with respect to the response objectives because it incorporates 
an innovative technology. Under Alternatives HS-2 and HS-4, 
there is minimal residual risk. 

Alternative HS-3 utilizes solidification as the principal 
treatment element. Because the PCBs are only immobilized, a 
residual risk at the off-site disposal facility exists and will 
require adequate controls. 

Alternative HS-1, the no-action alternative, has minimal 
long-term effectiveness because the Hot Spot sediment remains 
in-place, untreated. 

7.6.4 Implementation


Alternative HS-1 would be the simplest alternative to implement

because it would involve minimal construction with no treatment

activities. Alternative HS-2 weald be the next in ease of

implementation. The construction area and water treatment

facilities are already constructed and mobile incinerators are

readily available. Alternative HS-3 is easy to implement,

provided suitable landfill space is available in a compliance
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TSCA/RCRA landfill. Solidification equipment, which is readily 
available, would need to be brought on-site. 

Alternative HS-4 is expected to be the most difficult to 
implement. Specialized solvent extraction equipment would need 
to be mobilized to the site and tested prior to full-scale 
operation. Because this is an innovative technology and 
equipment is not readily available, the equipment may need to be 
scheduled or constructed prior to mobilization. 

7.6.5 Cost 

Costs for the four alternatives and sensitivity of these costs 
to various assumptions are discussed previously in this 
section. The present worth of each alternative is summarized in 
ascending order of expense, as follows: 

ALTERNATIVE DESCRIPTION 

HS-1 No-Action $ 455,000 
HS-4 Solvent Extraction $12,168,650 
HS-3 Solidification $13,300,200 
HS-2 Incineration $14,397,300 

7.6.6 Compliance with ARARs 

None of the four alternatives is expected to comply with the 
chemical-specific ARARs. Removal of PCBs in the Hot Spot area 
would not be sufficient to achieve AWQC and reduce PCB levels in 
biota to below the FDA action level. However, because this is 
an interim remedy that would be consistent with a final remedy 
for New Bedford Harbor, it is not necessary for the alternatives 
to comply with these ARARs. 

Alternative HS-2 complies with all location- and action-specific 
ARARs. Alternatives HS-3 and HS-4 use alternate treatment 
technologies and would comply wi th all locat ion- and 
action-specific ARARs. 

Alternative HS-1, the no-action alternative, does not invoke 
location- or action-specific ARARs because of the minimal 
construction activity. 

7.6.7 Overall Protection of Public Health and the Environment 

Overall protection is a threshold criterion, not one of the 
primary criteria. All of the alternatives, with the exception 
of HS-1, are protective, to varying degrees, cf public health 
and the environment. Alternatives HS-2 and HS-4 provide the 
best protection of public health and the environment. Under 
both alternatives, PCBs are destroyed and the metals are 
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immobilized. Alternative HS-3 is also protective of public

health and the environment. However, in this alternative, the

PCBs are not destroyed but rather solidified and disposed of in

a TSCA/RCRA landfill.


Alternative HS-1 provides little protection of public health and

no protection for the environment. PCS migration from the Hot

Spot area into the estuary and harbor is expected to continue.


Table 7-5 provides a summary of the comparative analysis of

alternatives.
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TABLE 7-5 
COMPARATIVE ANALYSIS SUMMARY TABLE 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

ALTERNATIVE ALTERNATIVE 
SSESSMENT FACTORS HS-1 NO-ACTION HS-2 INCINERATION SOLIDIFICATION/DISPOSAL SOLVENT EXTRACTION 

Reduction of Toxicity, No reduction in toxicity, Reduction in toxicity and Reduction in mobility of the Hot Reduction in toxicity and 
Mobility, or Volume mobility, or volume since mobility of PCB-sediments. Spot Sediments. No reduction in mobility of PCB sediments. 

no treatment is employed. Volume also reduced unless toxicity. Volume increased by Volume will increase if 
ash is solidified to prevent solidification. solidification is employed 
metals leaching. to prevent metal leaching. 

Short-term Effectiveness 

- Time Until Protection Reduction in public health Reduction in public health Same as Alternative HS-2. Same as Alternative HS-2. 
is Achieved risk due to direct contact and environmental risk 

could be achieved in one should occur within one year 
month.' No reduction in after remedial action is 
environmental risk. initiated. 

Protection of Community No impact to community during Dredge controls and air quality Same as Alternative HS-2. Same as Alternative HS-2. 
During Remedial Actions remedial action. controls will minimize community 

impacts. 

Protection of Workers Minimal risk to workers Protection required against Protection required against Protection required against 
During Remedial Actions during fence/sign installa dermal contact with dredged dermal contact with dredged dermal contact with dredged 

tion. sediments and fugitive dust sediments and fugitive dust sediments and fugitive dust 
from dewatered sediments and from dewatered sediments from dewatered and treated 
ash. and solidification process. sediments. 

Environmental Impacts No significant adverse Minimal environmental impact Same as Alternative HS-2. Same as Alternative HS-2. 
environmental impact from expected from dredging or 
fence installation. construction. 

Long-term Effectiveness 

- Magnitude Of Residual Significant risks remain After sediments have been After sediments have been After sediments have been 
Risk for public health associated incinerated and the ash solidified and disposed off- treated and solidified (if 

with direct contact of solidified (if needed), site, there will be minimal needed), there will be 
surface soils. Environmental there will be minimal risk residual risk. minimal residual risk. 
i.sks would continue unmiti associated with the treated 
gated. sediments. 

- Adequacy of Controls No direct engineering Incineration is a proven TSCA/RCRA landfill is a proven Treatment by solvent extract-
controls; fence subject to technology; no long-term technology; annual monitoring and ion is expected to produce a 
vandalism; annual monitoring management of treatment maintenance is required. treated sediment that will 
and repair required. residuals required. not need long-term control. 
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TABLE 7-5 
(continued) 

COMPARATIVE ANALYSIS SUMMARY TABLE 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

ALTERNATIVE ALTERNATIVE 
SSESSMENT FACTORS HS-1 NO-ACTION HS-2 INCINERATION SOLIDIFICATION/DISPOSAL SOLVENT EXTRACTION 

- Reliability of Sole reliance on fence and Remedy will be highly reliable Likelihood of landfill failure is Same as Alternative HS-2. 
Controls institutional controls to due to removal of sediment small as long as O&M is performed. 

prevent exposure; high level causing risk. 
of residual risk. 

Implementation 

- Technical Feasibility Fence/signs are easily con
structed; environmental 
monitoring well-proven. 

Incineration would require 
special equipment and opera
tors; treated residuals 

TSCA/RCRA Landfill easy to imple
ment; dewatering and solidification 
of sediments proven during bench-

Solvent extraction would 
require special equipment 
and operators; treated 

would require testing to and pilot-scale tests. residuals would require 
verify treatment effective- testing to verify treatment 
ness; technology has been effectiveness; technology has 
demonstrated at other sites. been pilot-tested on Hot 

Spot sediments. 

Administrative No off-site construction; Same as Alternative HS-1. Same as Alternative HS-1. Same as Alternative HS-1. 
Feasibility therefore, no permits 

required. 

Availability of farvices and materials Dredge, dewatering, and mobile Dredge, dewatering, and solidifi- Solvent extraction equipment 
Services and locally available. incinerator equipment and cation services available in available from vendors but 
Materials operators needed; services eastern United States. TSCA/ not readily. Equipment con-

available in eastern United RCRA disposal facility not struction or pilot-scale 
States. locally available. tests may be required. 

Cost 

- Capital Cost $ 48,000 $14,397,300 $13,300,200 $12,168,650 
- O&M Cost 407,000 
- Present Worth Cost 455,000 14,397,300 13,300,200 12,168,650 

> Compliance with ARARs/TBCs 

- Compliance with ARARs AWQCs will not be attained. AWQCs will not be attained. Same as Alternative HS-2. AWQCs will not be attained. 
All other ARARs will be met. Solvent extraction will need 

to achieve equivalent per
formance standards. 

Appropriateness of Not justifiable. Justifiable based on interim Same as Alternative HS-2. Same as Alternative HS-2. 
Waivers remedy. 
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TABLE 7-5 
(continued) 

COMPARATIVE ANALYSIS SUMMARY TABLE 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

3SESSMENT FACTORS 
ALTERNATIVE 
HS-1 NO-ACTION 

ALTERNATIVE 
HS-2 INCINERATION SOLIDIFICATION/DISPOSAL SOLVENT. EXTRACTION 

Compliance with 
Criteria, Advisories, 
and Guidance 

Does not meet FDA level for 
PCBs in fish and shellfish. 

Is not expected to achieve FDA 
level for PCBs in fish and 
shellfish. 

Same as Alternative HS-2. Same as Alternative HS-2. 

Overall Protection of 
Human Health and the 
Environment 

- How Risks are Reduced, 
Eliminated, or 
Controlled 

Risks to public health are 
reduced by restricting site 
access* environmental risks 
are not'mitigated. 

Risks to public health and the 
environment are significantly 
reduced by the removal and 
treatment of the Hot Spot. 

Same as Alternative HS-2. Same as Alternative HS-2. 
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GLOSSARY OF ACRONYMS


ARARs Applicable or Relevant and Appropriate Requirements

AWQC Ambient Water Quality Criteria


BACT Best Available Control Technology


CAD confined aquatic disposal

CDF confined disposal facility

CERCLA Comprehensive Environmental Response, Compensation,


and Liability Act

CWA Clean Water Act

cy cubic yards


DEQE Department of Environmental Quality Engineering

(Massachusetts)


DOT Department of Transportation (U.S.)


EFS Engineering Feasibility Study

EPA U.S. Environmental Protection Agency

ERL U.S. Environmental Research Laboratory (EPA)


FDA U.S. Food and Drug Administration

FS Feasibility Study


gpd gallons per day

gpm gallons per minute


kg/yr kilograms per year

KPEG potassium hyroxide/polyethylene glycol


MCP Massachusetts Contingency Plan

mg/1 milligrams per liter


NCP National Contingency Plan

NEPA National Environmental Policy Act

NPL National Priorities List

NUS NUS Corporation


OHM OH Materials Corporation

O&M operation and maintenance

OSHA Occupational Safety and Health Administration

OSWER Office of Solid Waste and Emergency Response (EPA)


PAH polyaromatic hydrocarbon

PCS polychlorinited biphenyl

ppb parts per billion

ppm parts per million

ppt parts per thousands

psi pounds per square inch




GLOSSARY OF ACRONYMS

(Continued)


RAMP Remedial Action Master Plan

RCC Resource Conservation Company

RCRA Resource Conservation and Recovery Act

RI Remedial Investigation

ROD Record of Decision


SARA Superfund Amendments and Reauthorization Act

SITE Superfund Innovative Technology Evaluation

s/s solidification/stabilization

STC Silicate Technology Corporation


TCL target clean-up level

TCLP Toxicity Characteristic Leaching Procedure

TEA triethylamine

TOC total organic compound

TSCA Toxic Substances Control Act

TSS total suspended solids


UCS unconfined compressive strength

USAGE U.S. Army Corps of Engineers

UV ultraviolet


WES Waterways Experiment Station
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SEDIMENT ANALYTICAL DATA
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413621 0705436 19B5ooli An AA 24 36 6 Leaa 0.5.i.)0'X'OEn'l KG/ KG MAA515 
413520 0"'.550o 1 5350s li ito An 0 t ? LfiaQ 

r'.L02v.'OE*03 MS'rS MAA51e 
4l382o .,.'705500 19850oli 
41382' 0~'.'550s 1585'.'6li 
41362\ 07055oo 19850cil 
41362t '.'7055'.':: i565ooll 

AM A«
HI** AA
htl AA
HP! AA

 o o 5 
0 t 5 
o 12 5 
o 12 5 

C-3di!iun, 
Co33er 

Leia 
Cooos-

'"'̂ •I'XwE*1^ HG/F.G 
0.1J5("X'E*i.'j MG t E 
'.|.22oOoOE'K'2 MG/Kb 
o.25'A'OOE*<;f2 '•"j'l'b 

MAA51o 
MAA516 
MAA517 
MAA517 

41362" 0705500 l9650oii 
4138"1"1 "7yr:iiV '̂ c'̂ ooi' 

AH HH

htl nn

 6 12 5 

6 1*. 5 

LeiO 
Copos* 

i.'.5000wE*Oi h6/'r,6 
i:.lJ'X'OOE*02 MG/r6 

MAA518 
MAA516 

413820 '.'7'.t550o l°H5uoll 
413620 iTiJyyjt 19850tll 

Ah AA 12 24 5 
An AA 24 36 5 

Lead 
Leac 

0.11 OOOOE*02 Mb/ KG 
".7OOOOCIE+01 MS/KG 

HAAS 19 
MAA520 

413935 0705503 19850612 AM AA 34 NA 2 PCB - Aroclor 1254 0.130000E+0& UG/i^G AC324 
413935 0705503 19850&12 AM AA 34 NA 2 w3B  Aroclor 124" '1016 0.64(XiOOE-H)5 US' KB AC324 
413935 0705503 19850612 AM AA 24 36 2 PCB - Aroclor 1254 0.470000E»Oo US/KB AC325 
413935 0705503 19850612 AM AA 24 36 2 PCB - Arocior 1242/101o O.̂ XfO'A'Ê oo UG/H.G AC325 
413935 0705503 19550612 
413935 Ô oSSOj 19650612 
413536 07o5503 ol2l9B5 

AM AA 0 12 2 
Ah AA o L' L 
AM AA NA NA 2 

PCB - Aroclor 1254 
&CB  Aroclo'' 1242/1016 
PCB - Aroclor 1254 

0.540000E*Oo UG/KG 
o.o2(."X'OE-HJo UG'K.G 
0.310000E*04 MG/KG 

AC320 
AC326 
AC327 

41393o 0705503 o!21555 AM AA NA NA 2 PCB - Aroclor 1242 0. o7000oE*o4 rt5/F5 AC327 
413914 0705505 19650612 AM AA 12 24 3 PCB  Arocior 1254 0.1200ooE-K»4 UG/KB AC334 
413^14 07ij5505 19850612 AM "A 12 24 3 PCB - Arocior i242/10io 0. 2 .'OOoOE+05 'jG/ KG AC334 
413914 0705505 19850el2 AM AA 12 24 3 PCB - Aroclor 1254 0.130000tn4 Ub/Fb AC335 
413914 ./705505 I'550ol2 AH AA l2 24 3 PCB - Aroclor 1242/iolo U.TlOoooc+04 UG/i-G AC335 
4i35>4 >.ro5505 19650612 
413914 0705505 l955.'0:2 

AM AA 0 12 3 
AM iA 0 12 3 

PCB
PCB

 - Arocior 1254 
- wrocior 1142/lOlt 

0.740000E-K>5 UG/KG 
".i.72lA<'OE+i.r5 ijB/fB 

AC336 
AC336 

4i3915 0705505 olil965 
413915 0~o:o'.': oliPS?. 

AM AA NA NA 3 
A* «A riA NA 3 

KB  Arocior 1254 
Pii  Arr.cior 1242 

0.3oOOOOE*Oo U6/rG 
0. i b'.'O'X'E*'!1* 'iG • r G 

AC337 
hC337 

413545 o~0?506 19850ell 
*1T545 v~05?v6 1985o6l; 

Ac1 At* 3e 48 
A" AH 45 N<-

'.€30 

L£id 

0.5-oOOoE-vi f"3/rG 
0.54i'00'. j-Hii i«t6/l'3 

MAA521 
MAA522 

41̂ 02? '."'.'5457 tl21955 
4i4i,'27 '.'705-57 612155: 
•U4o27 0"0?45"? oil 1565 

Ar1 AA NA NA 1 
n"1 AA NA - i 
AH HA NVi NA i 

PCB  Arocior 1254 
PLC - xrocior 12%2 
PCB - Arocior 1254 

.>.170000Ef<''o bG/Kb 
O.IsOiX'Ott-Ot 'j'3-"3 
0.oI'X"ill?E'|""'4 UG'tG 

AC307 
AC307 
AC323 

ii402? 07054": ~i 5iii5i5': Hfi AA NH N- 1 "C? - -roci-" 1242 M.i.n.«:KI?H': Ub Ktl nC323 

•4 1 4i 'I" 0"'.i5457 1 9STOo 1 i 
414027 0"T05457 I3550ili 

Ah AA
wi HA

 0 11 1 
 L L 1 

"<lb
PCB

 - Aroclor 1234 
- wrocior i242/ iolo 

j . T55'X'OE-'v3 Ito/rG 
U . QOSOWE*1 '3 L"i ' F 5 

AC3I6 
nC328 

414027 0705457 15550s 11 AM AA 12 2» 1 PCB - Arocior J254 '.' • l cOoiA't+OJ U6/ KG AC329 
41402? 0705457 19850tll 
4 14027 o7i"'5457 15850eil 
414032 o7055->j :5550ell 

Am AA 12 24 l 
nn HH PiH NH i 

AM At '"' NA 

&~~s - Arocior 1242/lOlc 
PCB - Arocior 1242/1016 
Leao 

'. . i3200oE*03 U'3/FG 
'.'• r'( "AK.'oE+Oi. UB/KB 
o.l7oo'.'OE*04 nis/rS 

nC329 
AC331 
"•AA523 

4i4i.'32 u705500 15550611 AM .i« 0 NA Caaisium 0.72WwE+01 M6/FG MAA523 
414032 070?5i "J 15650oll uffi L>L«H* ' nH 1 1 Kt£ . ' iPi 'loooer 0.101500E-04 M'5/hG MAA523 
4l4o2? 0705506 196506.1 Aci AA 24 NA Leao 0.910000E-MJ3 MG/KG MAA524 
414025 0">05:ue 1 98506 li Art AA 24 N<- Copcer 0."010iA'E*03 ftb/KG MAA524 
41*025 0705506 15850611 AM AA 12 24 Lead 0.891000E-f03 MG/KG MAA525 
41402? 07u550e 19650ell AM AA 12 24 CoDoer 0.730'X'OE*(j3 "iG/'G HAA525 
*14o25 070550e ) 96506 11 
414025 0705506 i555'.'oil 

AM AA NA 12 
AM AA NA 12 

Lead 
Cioiriiiw-

0.108000E+04 MB/KB 
i" . li'-'oOOÊ Oi 1*3' i1 6 

MAA526 
PlAA52o 

4i402? 07055i'ic 19S506ii 
414o25 '.'70:5oo 1565|..oll 

AM AA NA 12 
r>M AA 0 NA 

CoDce-
Leaa 

0.157~00tn'4 MG/Fb 
0.188300E+04 MG/lG 

MAA52o 
MAA527 

414r-25 07i..?50e l5550oil 
414025 0705500 19850011 

AM AA
nrt AA

 0 NA 
0 NA 

Caaraium 
CooDer 

0.l300oOEf02 MG/K5 
0. C''~5000E+03 Mb/ KG 

MAA527 
MAA527 

414032 0705500 19850oll AM AA NA 12 Leaa 0.6740iX'E+03 MG/I-G MAA528 
4 1 4032 f'"V550«.' 155j'.'oll n*l HA NA 12 Lf.Doer o.:39i'Wt*oj cfi/rG MAA528 
414032 '.'"05500 15650ell 
414o32 070551A1 I5850oll 

AM AA 12 24 
^m AA i* *~4 

Lead 
Cocoe' 

0.344000E+03 MG/KG 
".i58|.'j"t*ô  IG'i'b 

MAA529 
I4AA529 

414»i32 O7'"':50o l°550oll 
414o32 O7'i5500 19550611 

AM nA 24 36 
nK nA 2f 35 

Leao 
Coooer 

0.1o400vE+03 MG/F6 
<j . ]7oiXiOE*o2 M'3' I 5 

MAA530 
MAA530 

4i4i"'II o7055w 1 96506 11 nM nA 3t NA 1 e3D i 1 l  i it'll ll'lF-Ml" MG/11!" MAA531 
4141:18 0705508 iw3:'0all AM AH 2* Jo leas ' . •Sn.V.tH.,.,! Mh'KL MAA533 



A-3


41*015 '.'"-. "vj'.'i î E'5'.'til *'H . nn ll 2* Leid 

414i.'iB t..'0:50B I«s50eil ri"( HM U 1'4 CuJL'i" 

414015 0705506 19850*11 n«- AA i2 ;•'• L«iC 

414018 v7'.i5506 19B50oll AM AA 12 24 LODoer 
414015 O7'.'550e 19650bll AM AA NA 12 Lead 
414018 0705505 19650611 AM AA NA 12 CaonduBi 
414018 0705505 19850611 AM AA N« 12 Copcer 
414018 0705508 19850611 AM AA 0 NA Lead 
414016 0705506 19850611 AM AA u NA Cadibiuiti 
414018 0705506 J9650611 AM AA 0 NA Cooper 
414021 0705452 19850611 AM AA 0 NA Lead 
414021 0705452 19850611 AM AA 0 NA Cadniiuft 
414021 0705452 19850611 AM AA 0 NA Coooer 
414021 0705452 19650611 AM AA NA 6 Lead 
414021 0705452 19850«>il AM AA NA o Cadniun 
414021 0705452 19650611 AM AA NA 6 Copper 
414021 0705452 19S50611 AM AA 6 12 Lead 
414021 0705452 19850611 AM AA 6 12 Coooer 
414021 0705452 19850611 AM AA t 12 Lead 
414021 0705452 19850611 AM AA 6 12 Cooper 
414021 0705452 19550611 AH AA 12 15 Lead 
414021 0705452 1985061 1 
414021 i"'7ifi4̂ 2 I555«6li 

AM AA 12 18 
AM AA le 2̂  

Copoer 
Lead 

414s'>2l •'r7i"|S-ic2 l̂ SSOel: Ah AA 18 24 Coooer 
414021 705452 ̂ B̂ .'sli Ah AA > 3v 
414021 '705452 i 9550611 AM >*H 3v 3e Leaa 
4l402l "054 :•: 19850611 Ai- Ar. l«A "te Lead 

0.345000£*03


0.440000E+02 

0.348'XiOE+Oj 

0.105500E*04 
0.330000E-02 

0.833000E+03 
0.893000E*03 

0.330000E+02 
0.174200E+04 

0.159200E+04 

0.190000E-I-02 
0.273100E+04 

0.752t»OOE+03 
0.143100E+04 
O.llfclOOE+04 

0.225400E*04 
0.iS100iJE+03 
0.150C"OOE-M)3 
.170vOOE*02 Mt/


Mb/Kb


MG'Kb


tlG:r-v

!>IG 1-5

M5/'r 5

MB/KG

M6/K5

M6/K6

H5/K5

M6/KS

MS/KG

MB/KB

M5/HS

MS/KG

MB/KG

N6/K6

Mb/Kb

MB/KB

MS/KG

ME/KG

hb/KS

MS/KG

M5/KB

MB/KB


MAA535

MAA536

MAA536

MAA536

MAA537

MAA537

MAA537

MAA538

MAA538

MAA538

MAA539

MAA539

MAA539

MAA540

MAA540

MAA541

MAA541

MAA542

MAA542

MAA543

MAA543

hAA::44

MAA545




A-4 

• / - ' /


?50) TV NBH ECJ »EI.DAT 

LAl-HlA LUNl'310 pî Tf L n * b MA PR DE DE 
7 T 7 I' M N Ŝ tt!.1 TE AC s-'i PT 
D M  5 M 5 RI Ti H H 

AL ON T B 

414015 0705509 orii 1967 AH AA 0 12

414013 i'i~!*î r̂jQ prii 1987 AM AA 12 24

414016 0705507 oril 1'87 AM AA 0 12

414016 0705507 prii 1987 AM AA 12 24

4140:4 0705507 orii 1957 Hii HH 0 12

414014 0705507 oril 1987 AM AA 12 24

414012 0703507 orii 1957 AM AA 0 12

414012 0703507 orii 1957 AM AA 12 24

414014 0705505 orii 1957 AM AA 0 12

414014 0705505 orii 1957 AM AA 12 24

414015 0"05505 orii 1987 AM AA 0 12

414015 0705505 pril 1987 Hri HH 12 24

414016 0705505 orii 1957 AM AA 0 12

414016 0705505 oril 1967 AM AA 12 24

414017 0-05505 on! 1957 AM AA 0 12

41-lO'T 0705503 prii 1967 AM AA 12 24

414019 0"05505 oril 1967 AM AA 0 12

41̂ 019 0705505 orii 1=87 AM AA 12 24

41 in 1C 0705503 P'ii 1957 AM AA 0 12

41-019 0705503 orii 1957 AM AA 12 24

41 ̂Ol* 0~05302 orii 1957 AM AA 0 12

4 liv 19 0705502 orii 198" AM AA 12 24

414-:. 7 0"03502 Drii :'«"? AM AA. 0 i."

4ji,,,7
 '."03502 cni 1*57 AM AA 12 24

414021 070550* orii i-*67 A!" AA. 0 12

iiiiV i i'lT'.'iSrV'i crii 1987 AM AA 12 24

414021 0705502 f-M AA 0 12


T̂i'.rsj,-.-
41402: orii i*87 AH AA u 24

414020 0705502 crii 1957 AM AA 0 12

414̂ 20 0703502 prii j*57 AM AA i2 2*

-14015 O''055'i3 crii 1967 AM AA 0 12

•14015 0~05303 orii 1957 A* AA 12 24

•*i40i~ 0705504 oril 1957 «M AA ''• 12

4i40l7 0~05504 orii 1987 AM AA 12 24

414017 0705504 cril 1967 AM AA 1.1 12

41401" 0705504 pril i957 AM AA 12 2'4

414015 0705503 orii :967 AM AA 0 i2

414018 0705503 orii 1957 AM AA 12 24

414017 0703503 orii l«*~ AM AA r 17

4 HO 17 0705503 pril 1967 AM AA 12 24

41*016 0705504 prii 195" AH AA 0 12

414016 0705504 pril i987 AM AA 12 24

414021 0705505 oril 1967 AM AA 0 12

414021 0705505 onl 1987 AM AA 12 24

414020 0705505 on! 1967AM AA <j 12

414020 0705505 oril 1967 AM AA 12 24

414022 0705500 oril 1957 AM AA 0 12

414022 0705500 on! i997 AM AA 12 24

4)4021 0705501 cril 1967 AM AA 0 12


OftlG.

5~rii ION


12B/tt

12B/SB

12A/HA

12A/HA

13A/HA

13A/HA

13B/HA

13B/HA

13A/HB

13A/HB

12B/HB

12B/HB

12A/HB

12A/HB

11B/HB

11B/HB

11A/HB

llA./HB

HA.uA

UA/IA

HA/IB

11 A/ IB

11B/IB

liB/IB

h>A/IA

iOA/IA

10A/IB

10A/IB

10B.' IB

105/IB

12B/IA

12B/IA

ii5/IAil

1 IB/I AS!

nB/IA»2

UB/iA42

11B/IAS3

11B/IA#3

HB/IA*4

11B/IA#4

12A/IA

12A/IA

10A/HB

10A/HB

i'.'B/HB

lOB/HB

96/JH

9B/JA

10A/JA


USAGE HOT SPOT 1987 

PARAMETER C•QNC UNITS


PCB Totii. norisoecific Aroc... 0.«2'."/.«.'t*02 PPK

PCB Total, nonsoecif ic Aroc.. . '.1 . WA'OOE*uO PPM

PCe Total. •nonsoecific Aroc... i.'.t'iAw.'E*1.'! PPte

PCB Total, nonspecific Aroc... O.OOOOOOE*00 PPM

PCB Tota;. nonsoecific Aroc... 0.550000E*u2 "PI"!

PCB Total, nonsoecific Aroc... O.OOOOOOE*«XI PPM

PCB Totai. nc-nsotcific Aroc... 0.134500E*04 PPrt

PCB Total, nonspecific Aroc... '•.'.OUWAlE'H.HJ PPM

PCB Total. nonsoecific Aroc... 0.166700E*04 PPM

PCB Totai, nonspecific Aroc... O.OwOOOE*00 PPM

PCB Total. nonsoecific Aroc... 0.105300E+04 PPM

PCB Totai, nonspecific Aroc... O.OOOOOOE+00 PPM

PCB Totai. nonsoecific Aroc... 0.2:6900E*04 PPM

PCB Totai, nonspecific Aroc... O.OOOOOOE+OO PPM

PCB Totai. nonsDSCif ic Aroc... 0.261900E*04 PPM

PCB Totai, nonspecific Aroc,.. 0.600000E-t-00 PPM

PCB Totai. nonspecific Aroc... 0.337100E*0» PPM

PCB Totai, nonsoecific Aroc... 0.l2SOOOE*03 PPM

PCB Total. nonssecific Aroc... '-.246520E-05 PPM

FCB Totai, nonsoecific Aroc... 0.290000E*Ol PPM

PCs Total. nonsoecific Aroc... 0.163660E+05 PPM

PCB Totai, nonspecific Aroc... 0.105600E*04 PPM

PCB Tct?.:. nnniDeCiflC Aroc... '.'. 561̂ X̂ *04 PPM

PCB Totai, riorisc-sciiic Aroc... 0.354000E+03 PP1

PCB Tota:. nor£u-=:ific "roc... '.•.lso500E*':-4 PPM

PCt1 Total, nonspecific Aroc.. . Ti rn"nV(iV|£»iVi L'&jf!


nor-soscif ic Aroc... •.'.35Btr>.'E*'.-4 M*

PCB Total. 'iCTiSoecif ic Aroc.. . M •"••iniVtE*1"11 PPM

P"« T,-|T3 i , £r'in.. . I'T !Q ji''|H?*rii DP̂ I


PCB Total, ncnsoecific Aroc... •?. 5000005*01 PPM

PCB "otai. r^rso^ific Aroc... 0.5"'r.2'X'E*04 ''PI*

PCB Totai. nonspecific Aroc... 0.20iOOOE*03 PPM

DC? Totai. nor^Df.cific Aroc... '_• . 432*005*'!"* PPM

PCB Totai, norisoecific Aroc... 0.310000E*02 PP(«

PCB Tot-si. r.CT3DfiCliiC Aroc... «.• . 9542vOE*04 PPfl

PCB Total, nonsoecific Aroc... O-jvOuvuE-t-iAt PPM

PCB Totai. nonacecific Aroc... ':.3""300E*C'4 PPM

PCS Total. nonsoecif ic Aroc... 0.900000E*01 PPM

PCB Total. nc-naoecif ic Aroc... 0.359200E*04 PPM

PCB Total, nonsoecif ic Aroc... M.iOOiA'OE*Ol PPM

PCB Total. nonsoecific Aroc... 0..576000E-MJ3 PPM

PCB Total, nonspecific Aroc... 0.600000E*00 PPM

PCB Totai. nonspecific Aroc... 0. 5100005*03 Pf-M

PCB Totai, nonsoecific Aroc... O.OOOOOOE+00 PPM

PCB Tctai. nonsoecif ic Aroc... 0.340000E*02 PPM

PCB Totai, nonspecific Aroc... 0.350000E*02 PPM

DCB Total. nonspecific Aroc... 0. 157500E+04 PPM

PCB Total, r:onsoecific Aroc... O.J02'X'OE*03 PPM

'̂Cb Totsi. nonsoecif ic Aroc. .. 0,i7'3M'XiE*04 PPM


Oft 15_

5AMPL!

NUMBE1


It55.

1656,

1660.

1660,

1662.

1662.

16&A.

1664,

1666.

1666,

1666.

1668,

1670.

1670.

1672.

1672,

1674.

1674,

16~t>.

1676,

Ii76.

1675,

1650.

iaSO,

1 652.

'SH".


1664'.

1684,

:686.

1666,

16S5.

1655,

It5'.1.

1690,

is92.

1692,

1694.

1694,

1696.

1696,

169S.

1698,

1710.

1710,

1712.

1712,

1714.

1714,

1716.


1637

1657

1659

1659

1661

1661

1663

1663

1665

1665

1667

1667

1669

Ie69

1671

1671

1673

1673

1675

1675

1677

1677

!6~9

1679

1651

1681

1653

1663

1655

1665

1657

1657

1659

1669

1691

1691

1693

1&93

1695

Io95

1697

1697

1709

1709

1711

1711

1713

1713

1715




A-5 , .,..»., .**•;; C'Uli{
j 1 4V; i • rM * . -!' ~,f : -a :"« JA 'cr
«. 1
 *y", n!" — ""i«. J- "|1T3 1 , - -.= - jr- < r • r
 -^ >" I! . i i


•* i "'.'I1. -,•••--,,. -,r. ! I Ox" 1- "J !'•£' Jri C."t, T'1 =1. - - *. ; t- } T•< ' .""•C. . . ,-, -",,,",i,F,"r,Vi t.cl 17:7 
—' —n
\u .'. •
414v2v 0?v5n:̂  D'U 1*5" hfl hi v i" '£ JB H"B T.OnscaciTlC Aroc. . . ......4̂ i...En'4 K-*1 171= 

4:-*:O' '.-"vfJ:5 :ni i=57 AM AA i2 24 :OB/J& PCB Tor.i, noT.siecif ic Aroc... ... ,joO'.'0=*0: &>ti : v.i. i719

-


ÎV.'it1 v i '.':':<<.'_ cm I"**7 f* Ar 0 12 i-B'it •-'Ll? T0t5i. no '=oecific Aroc... •'.. -jiO'.'Ef̂  OPM 1712. P21

414015 i.~05502 prii 1957 All AH 12 24 125/IB PCB Total. rion=Decific Aroc... 0.=uOOOOEn'l PPM 1722. i"21

414'.'14 0705502 oril 1957 AM A- '.' 12 13A/IB PCB Total. nonsoecific Aroc... ".=OiO'X'E*C3 PPM 172*. 1723

4i40i4 0705502 prii 1=57 Ah AA 12 24 i3A/IB PCB Total. nonspecific Aroc... 0.'.''.n."X'OE'*'00 PPM 1724, 1723


Hrr NH
414014 070550̂ oril 1=57 i] ; 7 IJA/Iri PTB Total. nonsoecif ic Aroc... 0.ie="JOOEfu^ PPK r2b. 1725

414014 0705504 orii i=87 A«t AA 12 24 13A/IA PCB rotai. nonsDecific Aroc... '.' .Ow'X|OE*00 PPh* 1726, 1725

414013 07055<.4 oril 1957 AM AA 1 1 1 IjB/IA PCB To~ai. norisoeciTic Aroc... 0.152700E+04 PP(". i725. 1727

414013 0705504 oril 1957 AM AA 12 24 13B/IA PCB Total, nonspecific Aroc... O.iXiO'.'OOEn'O PPM 1726, 1727

414u3o 07055uO oril 1957 AM AA 0 12 &B/JA PCB Total. nonsoecific Aroc... 0.67OOOOEf02 PPM 1730. 1729

414030 0705500 prii 1987 AM AA 12 24 &B/JA PCB Total, nonspecific Aroc... O.OOOOOOE+00 PPM 1730, 1729

41402= 0705500 oril 1957 AM AA 0 12 7A/JA PCB Total. nonssecific Aroc... 0.3-3340EfCi5 PPM 1732. 1731

414029 0705500 pril 1967 AM AA 12 24 7A/JA PCB Total, nonsoecific Aroc... 0.450730E+05 PPM 1732, 1731

414027 0705501 oril 1987 AM AA 0 12 7B/JA PCB Total. nonspecific Aroc... 0.1o07wE*04 PPM 1734. 1733

414027 0705501 orii 1987 AM AA 12 24 7B/JA PCB Total. nonspecific Aroc... O.I70000E+01 PPM 1734, 1733

414026 07055*52 oril 1957 AM AA 0 12 5A/IB PCB Total. nonspecific Aroc... O.aisOOOEi-03 PPM 173&. 1735

414026 0705502 pril 1987 AM AA 12 24 8A/1B PCB Total, nonspecific Aroc... 0.630000E+01 PPM 1736, 1735

414024 0705502 prii 1957 AM AA 0 12 5B/IB PCB Total. nonsoecific Aroc... '.'. 227400Ei'04 PPM 173£. 1737

414024 0705502 oril 1=57 AM AA 12 24 SB/IB PCB Total, nonspecific Aroc... 0.5eoOOOE*01 PPM 1735, 1737

414025 0705500 on! 1957 r**1 MH 0 12 SB/IA DCB Total. no'*soecific Aroc... '.'.«3y3'A't*<.4 Pf'ff 1740. 1739

414025 0~05500 orii i957 AM AA 12 24 6B/3A PCP Total, nonspecific Aroc... 0.12'4eOi'En4 PPM 1740, 1739

-•4024 07055vl on! 1=57 AM Ar- V ii Yh'Jh 

:'Ce Total. nonsoeciri: Aroc... l.'.iZ=30'''E-H>* "PK 1742. 1741

414024 0705: '.^ prii 1=67 nf\ HH :2 14 9A/ JA PCB Total. nonscscif ic Aroc.• . • p i it u it ii ft lf+t )t i U'PM :742. 1741


H'OC..>
'"'7i (*Ji~̂ Orli 1=5" nn H** '.• 12 9A'JB PL's Total. fior'sseciu: v.5l4v.'.b*03 P^K P44. 1743

4j 402-1 • iTf t̂ nl̂ M prii 1=87 «M AA i2 24 =A/IB PCB Total. nonspecific Aroc... v . 0'X"I"X E-i-i.'O PPM 1744, i743


1
4i4'.C4 0~054:9 C-'li 1=5" t-d AA v '2 QC'JB PCB Totii. non=D£Cific -roc... .t.i23i'ii"".'E-'i.'3 P&l* i'̂ s. i~i3

~*
4ji''.24 0~i.'5-5= oni 1=57 M*' HP ._ *̂* BH/ JB &Ct T:-.ai. nonspecific Aroc... O.'.'O'X 'vE*00 PP<1 174S. 1745


r
4:£02i •''70:45= Drli 'l VK 1 AM AA n i^ 5A''JB DC? ToTsi. .opsn*cifir: Hro-:... '.'.'ti.1"' .iOE*i>4 Mm 1T4S. 1747

41*.:fr •:~0:45= oni ̂ 57 AP «H il 24 6A/jB PCB T.-1-al. rior:?oecif]C Aroc... 0.i.-"."OOE*':-v' PP*: 174B, ;Za!
4i402" 0"05-:= Qni 1=5" £•- AA 0 12 "B JB v'ts : jTii,-'..r-=c.s:ij-ic -roc,.. j.23.- ' 'Ê ;̂  P̂**

4i4'.'2~ 070545= oni 19B7 AH n̂ 1 i2 24 7B/ JB PCB Total, ncfispecific -roc... i.'.252I".'.'E*04 PPw 1750, 174=

4i-".-26 0~'.'54:= on! 1=5" %• HF* 0 12 7A'JBIi '̂l— i lOtr.'. nr.pSDSClTiC -roc... "."Ilii:- lE-f'.r Cv'M 1756. 1755

•H4..C5 07-: 545= prii l95~ A?i AA 12 24 7A/ JB?i •̂ •CB Total, rorscec:fic Aroc... 0. i=3'.'! .'E*'.'3 PPM 1756, 1755

41402= J

7054o= Oni 1*S7 AM AA 7A' JB42 P«Te "'OTii. nonsoecinc Aroc... '.'.7jii.5;t+;5 »'PM i755. T57
'-' i*.


•ll-iOIS 07>:545v D'li iV57 AM AH ii 14 7n/jB*2 PCB Total, rionspecific Aroc... u. 17304 "E+05 PCH 1755. 1757

414029 070545= pril 1957 AM AA 0 '2 7A/JB?3 PCB Totli. rionsQeciTii: Aroc... '.'.66314..E*'".'5 P&P i7tw. 1759

414'.'2= 0705459 orii 1987 «M MM 12 24 7A/JB43 PCB Total, nonspecific Aroc... 0.4:277i.'E+05 PPM I7e0, 1759

41*029 070545= prii 1957 AM AA 0 12 7A,- JBit4 PCB Total. nor'Soecific A--OC... |.M02'.'==E-M:>6 P2M 1762. 17&1

414029 0705459 prii 1=57 AM AA 12 24 7A/JBi»4 FCB Total, nopsceeific Aroc... 0.1135oOE-t-05 PPM 1762, 1761

414030 (.•705*59 oni 1=57 AM AA •j 12 oB'IB PCB To~si. nonspecific Aroc.. . '.•.55=500E*04 PPM 1764. 17&3

414030 0705459 prii 1=57 AM AA 12 24 eB/IB PCB Total, nonsoecific Aroc... '.'.i 2'jywE-nji PPM 17e4, 1763

750


uoerator ?TA2: has oeeri eriiQiea. isniS TOMN 



A-6


GROUP 2 USAGE WETLANDS SEDIMENT DATA 

750.: ty non ecn 2e.dat 

LALAtA LONLOLD DATE _ MA FF: DE DE OF.I5. PARAME7EF, CONC UNI* Fa LAB .ID 
7_7j 5AMPLEC IE AC PT 
D~M~5~ h'Y f-:! 71 H. H_ 

AL OK T e 

19551005 AM AA U 24 53274 PCs  Arocior 1254 '.'. ii'.'OOOE'"c.'4 
10051965 AM AA 12 M-6-0-1 PCB  Arocior 1254 0.160000E*05 uE/t \b AD567 

AH AA 12 24 M-6 Lead 0.76i.'OOOE+01 ten.5 MAB760 
AM AA 12 24 M-6 0.150'X'OEf02 MG/r >6 MAB760 
AH AA 12 M-6 0.720000E-I-02 Mt/r .'G MAB761 
AM AA 12 M-6 Cooper 0.7eOOOOE*02 M5/F Cb MAB761 
AM Au NA HCB  Arocior 1^45; l̂ ou 'J.l'A'Owt*1 -. 1'.1 Ml-'M bw 0101A-D 
AM AD NA NA Lead 0.260000E+02 PW DW 0101A-D 
AM Au NA NA Cadmium 0.200000E*01 PPM DW 0101A-D 
AM AG NA NA Coooer C . 1 lOOOOE* 02 PPM Dw 0101A-D 
AM Au NH NH PCB  Arocior 1^45.' 1^6u r'K"! uw OlalA-E 
Ah AO NA NA Lead 0.1eOOwE-K)2 PPM DW 0161A-E 
AM Au NA NA Cadirduni 0.200000E+01 pDjf. 0161A-E 
AM AD NA NA Cooper Oi 110000E'*02 PPM DW 0161A-E 

6211955 AM AA B 1-31 KtB  Arocior 1^46,' U6o (j , ii4'.".".'E<'i.'i ppiri 9 .' f'Bti 

413926 0~05503 5211955 AM AA M 5 Lead O.hlOOOE+03 PPM DW 9778A 
413925 07055','3 5211955 Ail AA 1 1 B 1-31 ppjij 5776A 
413925 0705503 5211965 Aft AA o 5 1-31 Cooper 0.3v7000E*03 PPM DW 9778A 
412=25 0705503 5211965 AM AA s 24 1-31 PCfc  Arc-dor 12^6/124)0 "78B 
i!3°25 i"i~i î r.i 13 5211=9" AM AA H /tt 1-31 ' ^sd i t | H Jl II \\ II 'H^

1 H) ).i'M I'M w / /HH 

4 1 "vT-C AH AA - -£ 1-31 C-QHIlUHi ,  , ,•„-,-„„„,?*,„•, ="•"36 

413=55 
4ij-7:'B 

0705503 
0~055;.'3 
',' i >.'"'.' j 

5211955 
52219*25 
K^'.^V-

AM AA 
Ail «A 
riM «A 

H 

1 1 

24 
13 

'--

1-31 
r.ici i . 

1-19 

Copper 
Pile  Arocior
Le?.d 

 1245. 1260 ?;?^Sv3 
'.'.T-v-'.".".^*11 . 1 

PPM 
Dpjr! 

py(*l 

DW 
D«f 
UW 

977SB 
9756A 
•v56A 

413=55 1 1 /I i*"i~i* i • |J , .• t y y*>, Itl ;»£ i i 1 i  t T" ! 5rijT * tjRi ! ' — ~n 1! '1 » ih--f( f . .̂"w'sr IIU - /56H 

413'"'Ei? 
0705503 p;;p AM

A>i
 HH 

 AA 
..''' 

13 
•f |T 

I-i? 
T-1--

CoDoer 
PCB  ArofLo r i"'4«'l~sO 

'.' • î GOl . l1.'t"'"0^ 

t > 'it -:; n ' it !(;•*' ii 

PPM 

•-•"il 
DW 

413955 
4 1 3">8 
& i jvW'd 

:£^J? 
y/i  )—.uj 

*:;;.«: 
M . .' j WH î 

AM AA 
AU1 AA 
AM AA 

24 

** 
7*i 

:V: 
J / 

1-19 
I-15 

T - 1  5 

Lead 
r jciir,ii' n, 
Locoer 

••̂ ;:̂ 3 
. J j il II '1 }l II (£•*! H j 

!->'M 

pu*((| 

LiH 

niy 

5 /56C 

w^^bLf 

413945 0705503 5271955 AM AA H 24 1-23 PCB  Arocior 12*s/i2sO 954'.'A 
4139-16 0705503 527 i 955 AM AA y 24 1-23 Lead O.SOcOvOE*03 pc-M Dw 
i'i ^54*-' 5i ,' ' *<•< i > ^% ]- ' j u. 33K i 'JSi 

1 ' M; it ii i{ ft i^-ti ' ' L'L'fP, L"̂  V^-'^l f(^ 

413946 0705503 527:965 AM AA ; 1 24 1-23 Cooper PPM DW 
413945 0705503 5271965 AM AA 24 36 1-23 PCB  Arocior 1245/1260 •.• . 340000E*00 PPM DW 9640E 
4 i3945 07'.'5503 6271955 AM AA 24 36 1-23 Lead 0.362000E*03 PPM DW 9640B 
4 13945 *M »iA l_l  tl nil IMtrfH_t£*l II1 UW 984uB 
•113946 nM HA 1-23 Cooper O t 595000E*03 PPM DW 9540B 
413935 0705503 5271965 AH AA 0 12 1-25 PCB  Arocior 1245/1260 0. i77C"X'£+03 PPM DW 
413935 AM AA U 1-26 Lead 0.5i^w.'E*v3 MI-'M bW 9846H 
413935 0705503 8271955 AM AA o 12 1-25 Csafiiiufli 0. 190'X'OE*OZ Dw 964SA 
413935 i.'7y55'.'3 5271935 AM AA y u- 1-28 Coooer 0.i'jjO>.".'Ei-u4 hVM DW 9648A 
413935 07055U3 6/7198:. AM AA 1-26 PCB  Arocior U46.' 1^6'j O.^OWWt-.'l UW 
413935 0705503 8271985 AM AA 24 36 1-25 Lead 0 . 202'OOOEf 03 PPM DW 9848C 
4i"93c . u70i^ciO j 527 1 "« AM AA ••4 JM I -28 L'QITilUIIl if i r )• n i' n I*--** n i H""'M DW O^Api 

413935 07 >5503 5271965 AM AA 38 1-26 Cooper 0.2l2000E*03 PPM DW 9548C 
413924 82*' 95^ AM AA "4 P~B  Aro^lor 1245'' 1260 -  PPM DW ' 
413-24 '•' /'-'-•-•'-'o 5iBl965 AM AH -"> JC H-33 LS50 '.'.Wi'WVt*'.".! uL'M UW 9B56C 
4 1 J9 .̂4 O70.oyt S-iSl^E'j HI W, /a JO h-33 LlOI'ltll' '.'.'.".''.''-".'.'t*'.'1 . 1 pC'H Dw wbjBt 



LiDCs' CJkl -St'tJL 

4i2-_4 '.'.'—•'.•e c.5 1-35 An 
H

1 1 'f-3.' IsaO VCJ-.YH 
tt 1 H? iU ('"i"1'̂  H ft \ W>i* fl''i fll*. 1 ( "ht-~~ '"̂ Utlil'lff 

413*24 07055 "'o 6261595 Ah 0 i2 h-33 Coooer 0.99'>'wEf"2 PPK L* 5559A 
413953 '.»"'05:'0<! 5-*' 1-6: nil AA I.- 12 M-21 -'CP - Hrocior il>e''i2ci>"i 
41J553 07v5506 6291-55 AM Hr< 0 12 H-21 L:iO 0.7510wtn'3 PPM DW 36o9A 
4 13953 0705506 529195:" AM nn 0 12 ri-21 Ciaraud ".5iOwOE-H.>2 PPM DW 9569A 
413953 071.5506 8291965 AM AA 0 12 H-21 Coooer O.J53000E*04 PPM DW 9&69A 
413-53 0""05506 8291955 AM AA t; 24 H-21 PCB - Arocior 1246' IZeO Oi20*OOvE*Ol PP"1 Dw 95e9& 
413553 070550e 6291985 AM AA 12 24 H-21 Leio 0.25̂ 000E*03 &PM Dw 98o9B 
413953 0705506 625198: An AA 12 24 H-21 C-ianaui?! O.OO'AV.'E-MA' PPM DW' 96o5B 
413553 070550o 6291565 atf AH 12 24 H-21 Cooper 0.259000E+03 PPM Dw 9869B 
413953 0705506 8291535 AM AA 24 37 H-21 PCB - Arocior 1246/12eO 0.190000E-MW PPI" Dw 98o9C 
413953 070550o 5291985 AM AA 24 37 H-21 lead 0.390000E+02 PPM DW 9869C 
413953 0705506 8291955 AM AA 24 37 H-21 Caoniuiri O.UOUOilOE-*00 PPM DW 95o9C 
413953 0705500 8291985 Ah AA 24 37 H-21 Coooer 0.5BOOOOE+02 PPM DW 9869C 
413943 0705506 9051985 AM AA 0 12 H-25 PCB - Arocior 1245.- 1260 0.160000E*03 PPfi DW 9907A 
413943 
413543 

070550o 
070550o 

9051985 
9051985 

AM 
AM 

AA 
AA 

0 
0 

12 
12 

H-25 
H-25 

Lead 
Cactoiimi 

0.555000E-n)3 PPM DW 
(.'t7iA«.

|iA'E+|.iJ PPM DW 
9907A 
9907A 

413943 0705506 9051985 AM AA 0 12 H-25 Cooper 0.175000Ef04 PPM DW 9907A 
413543 0705506 9051985 AM AA 24 33 H-25 PCB  ftrocior 1248/1260 0.l60000E->-00 Dpn DW 9507C 
413943 0705506 90515-85 AM AA 24 33 H-25 Lead O.OOOOOOEi-00 PPM DW 9907C 
413543 0705506 9051535 Hh hh i4 33 H-25 LidlMUdl (J.'iUUOWfMA' PD"! Dw 5907C 
4139*3 
413543 

0~0550e 
0705516 

5051985 
5101965 

AM 
AM 

AA 
AA 

24 
'j 
33 
12 

H-25 
E-25-1 

Cooper 
PCB - Hrocior 1246' 1260 

O.OOOOOOE+00 PPM DW 
•.'.5070wE'Ki2 «P1 Dw 

9907C 
331'.>A 

4,3543 070551o 9101555 AM AA i.t i2 E-25-1 lead y.434000E-t*}3 FPM DW =910A 
4H943 O7'.':5ia -101-55 Act AA i_ t-75-1 CsQSiUIt, f.'. iS'A'l".lE"f'l . t .̂ P̂ 'f! DW vW 1 '"|U 

413543 07055ie YI i.ii985 Ah AA < 12 E-25-1 Coaoer Ot637lii'ti *̂i''~ '•v̂  Dw 951 Oh 

41354.: "705?• 5 -i'/5t; A!" HH 12 IA •:-Z5-l -•C? - A'ocio' 1246/ iZftV 
•113543 O7'.'f:l3 5101955 Ah AH 1 ~ 

l^ 24 E-25-1 LS30 i.'.5350'A'r»03 PPh Dw 991 OB 

413543 070551s =101935 Art 
^

4« 4-t r *" - L3:ffilUI 

413=43 U'055le 51i.ii9E: nM Art 12 24 E-25-i Ceooer o'.: Ŝ3^ fo 
^13-5 ••I 
413=43 

07055k 
0705516 

- 1'.' 1=25 
5101955 

At"! 

Afe 
An 

AA 
J 
;A 

jO 
30 

£-25-i 
E-25-i 

PC?
Li 30 

 nrccior i248/12aO 
O.'AWOvE-̂ X1 PPH DW 

ww i n^ 

=9iOC 
413-43 0705: ie 9101555 Ah: Ah 24 30 E-25-1 Caor.iu» ^ '.'.''OOwOE~A< puH nrt 99.1UL 

4 13? 43 07055lo 9101555 AH uu 24 3i- E-25-1 Cccpsr '.U'AMA'iX'E*1 . 11.! PPh DW 9=1)1 
413935 0705516 =101985 nM ff 0 2* E-27-i "IE - Arocior 1245 -IZoO vt267'A"'E*02 P"'M DA 5--12A 
413535 0705516 5101555 AM AA 0 24 E-27-i L£3C 0.l53uOOE*03 PPM DW 9912A 
413936 070551o 9101955 Hh AA o 24 £-27-1 ClOF.iUft 0.1200VJE+OZ PPrt Liw -912A 
4ij53S 0705516 =101985 AM AA 0 24 E-Z7-1 CoDO=r 0.392000E-I-C3 PPh Dw 9912A 
413538 0705516 9101985 AM AA 2* 33 E-27-1 PCB - Arodflr 1146/1260 l.'illWWt*vi PPM Dw °5j2B 
413938 0705510 9101955 AM AA 24 33 E-27-1 Lead 0.270000E+02 PPM DW 9912B 
413938 0705516 9101985 AM AA -H 

L* 33 E-27-i CiO!T.l'JIIi IJ.Ui.'IAwEf.".1 &PM ifi 5912E 
4i3c38 
413955 

0705516 
0705507 

5101985 
9141985 

AM 
AM 

AA 
AA 

24 
0 
33 
12 

E-27-1 
6-20-2 

Cooper 
PCb - Arocior 1245/ 12&C 

O.JoOOOOEnC F'Ph DM 
0.12oOOOE*OZ PPri D* 

9912B 
9521A 

413555 0705507 9141985 AM AA 0 12 6-20-2 Lean 0.470000E+03 PPM DW 9921A 
413553 07055-.' '141955 Art AA (j ite 6-20-2 C ami uu O.-OOO'X'E-MJi PPM DW =921A 
413955. 
413955 
413555 

0705:07 
(.'705507 
0705507 

9;4i955 
=141955 
9141985 

AM 
rtM 

AM 

AA 
AA 
AA 

'.' 
_-

24 

12 
j6 
3o 

5-20-2 
5-i1.'--
5-2U-2 

Cooper 
PCB - Arocior 
Leao 

124? '1260 
0.el2000E*03 PPM Dw 
0.25'X'wE-MA1 PPM Dw 
O.OOOOOOEn'O &PM DW 

9921A 
9521C 

9921C 
41 15=;=: 
4135" 

t'lii'̂ Si i~ 
cr.ffsff,-

;.̂ i;-c 

= ,4~5f5=; 
A"! 
Ah 

AA 
AA 

24 
24 

JO 

3o 
6-20-2 
G-20-2 

LJOIIllUI!: 

Coooer 
v.OO'X'ijOE-i-OO c'Pi« DW 
O.-OOOiX'E*1.'! PPM DW 

9521C 

5521C 

413334 O'.>5505 -[.'1595 «>* 5-2-- 1 PC? - Arocior 1245 -I2a0 •j.̂ ewJE*!.'! PPh DW -922A 
413534 i.'~0:506 c:01-5: AM AA 0 15 5-25-1 Lsaa .'.Zl60'."'E+'.>3 PPM DW 9922A 
413534 070:505 5 '"1955 hh A* u S: ii-2=-l Cir.iut 
4lJl7j'i 

4.3̂ 34 
u /'.oji.'B 
07055u6 

5H'l-85 
9>»i>:5: 

Hh 
Hit 

•"A '"• 
i -

1: 
-' 

6-25-1 
5- .9-1 

CoDoer 
"CB - Arocio' IZ45-1Z6I.' 

0.:4>00"'.'E*03 PPh Dw 5922A 
9-i_B 

413934 
413534 

U /'.'"Di-'B 

07»"i.'b 
5101955 
w!v!"S5 

HM 

HI 

^ rtH 

in 

15 
<5 

*. i 
-7 

•3-29-1 
b-29- 1 

Lisa 
Csoraiui 

O.Cwjv.'E*1!"1 PPM DW 
0.,-»X E-'X1 P̂1 - Di" 

5322B 
5922B 

•113934 
4lj-:c 
413555 

0705506 
Vi'1;: w. 1 

<.'7055uO 

5101555 
5i4lv5t 

9141965 

AM 
Art 
riM 

AA 
Ah 

HH 

15 
u 
TI 

~~ 
it 
16 

G-I9-1 
J-20-I 
J-20-2 

Copoer 
PCt - Arocior 
lead 

1248'lZ6i'i 
'.'.lsOuOOE*02 PPM DW 

O.wOO'XiEn'O PPM DW

3522E 

 9547A 
413955 »7u55tX> 9141985 Art AA 1.1 10 J-20-2 Caaitiiuni u.' "X»uOi.'E*w PPli Dw 9-47A 
413955 0705500 9141965 AM AA ij lo J-20-2 Cooper 0.3eOOOOE+02 PPM DW 9947A 
413941 0705457 9121985 Al« AA M 12 K-Ze-1 PCB - Arocior 1245/ L'bO 0.42400'j£*u2 PPM DW 9950A 



A-8 413=41 ,/.••: 4" sj:j=£ ril AA "12 f"26-l LS30 • .45'A"1"E*02 PPh DW =950A

•n't MM i.1 1. t -_e-l i.i.iii'i.m.AiE*w PPH DW 

4i3=4l 0705457 =121965 AM An -j 12 K-2e-i Copcer 0.i5=OOOE*03 PPM DM 9950A 
413941 •i70e4c;~ =121=6^ Alt A- 12 "2 k-2*-! P~B - Aroclor 124̂ / 126" 99SOB 
413941 0705457 9121965 A"t AA 12 22 F-2e-l Leao O.OOOOOOE+00 PPM DW 9950B 
413*41 0̂ 05457 9121985 AM AA 12 22 K-2&-1 O.'.'iAiW.'E+'.''.' PPh Dw 9950B 
413941 0705457 912i965 Ah AA 12 22 r-Itrl Cooper O.OOOOOOE*00 PPM Dw 9950B 
413936 07-55457 9121985 AM AA 0 6 K-28-2 PCS - Aroclor 1248/1260 0.165000E+02 PBM DW 9953A 
413936 0705457 9121985 AM AA 0 8 K-28-2 Lead 0.4100CK3E+02 PPM DW 9953A 
413936 0705457 9121985 AM AA 0 5 K-28-2 Cidiuuni O.OOOOOOE-00 PC'M DW 9953A 
413*36 0705457 9121985 AM AA 0 8 K-2S-2 Cooper 0.114000E+03 PPM DW 9953A 
413936 0705-5:7 1̂21965 A" AH 5 20 K-2S-2 PCB - Arocior 1246/1260 ij,600'j.ujE-01 PPw Dw 9953B 
413*3e 0705457 =12l=85 AM AA 8 20 K-2B-2 Leaa 0.00»AX>OE»00 PPM DW 
413936 0705457 9121955 AM AA 6 20 F-25-2 0.uOuOOOE*0'J P"M DW *=53B 
4l393e 0705457 9121985 Ah AA 8 20 F -28-2 Coooer 0.i>i'OOOOE+iX> PC'M DW 9953B 
413925 0705457 =,21965 An AA 'j 12 K-32-1 Ka  Aroclor 124S/12'60 =954A 
413925 0705457 =!2i955 AK AA 0 12 K-32-1 Lead O.CNA'OO'JE+OO PPh DW *954A 
412=25 070545" 9!2l9ti5 MM AA C U r-32-1 l;.i.'V"1A||. it+Oi.1 "Pf1* bv 
-l3q25 0~'"5457 912i965 Ad AA u 12 F-32-1 Coooer O.OO'XiX'En'O PPM Dw *954A 
413925 0705457 =12193: Ah AA 12 23 F.-22-1 t\,s - Arocior 1245/1260 
413925 0705457 9121*55 AM HH 11 23 K-32-1 Lead i . l.001 . 1OOuE*"0 PPM DW 9=54B 
4*2'""̂  070̂ 4̂  =121=5" #* An '2 2J I1 - 32-i w 

413=25 0705457 9i21985 
413933 0705453 =151=85 

AM AA 12 23 K-32-1 
AM AA 0 12 L-2=-2 

L-ocper 
rtt1 - Aroclor 1248/1260 i'.2=1000t>'2 PPrt Dw 

**54B 
99t2A 

413933 0705453 9151965 AM AA 0 12 L-29-2 Leaa 0.0vwwt*w P̂ 'M Dw •y96̂ A 
413933 L'7'.>5453 -151965 Ah AA 'j 12 L-29-2 
413933 0705453 9i51985 AN AM 0 12 L-29-2 Cooper 0.153wOE*03 t"$ [114 ==62A 
413933 0705453 =151*85 «« AH 4̂ 3e L--.T-- »\,B - Arocior 1̂ 46/1̂ 6'j •. i .a iA"Avt-(. il PP1" Dw 
413=33 0705453 *l5i965 AM AA 24 3e L-29-2 Leaa 0.'X»tiOiX'E»00 PPM DW =9e2C 
413923 0705453 9151=55 AK AA i4 36 L-29-i uaaniiA u.w iA''A'fNAi ^̂ M DW 99&2C 
413933 0705453 9151965 
41393* 0705701 9111*55 

AM AA 24 36 L-29-2 
AM AA 0 is fi-27-1 

Cooper 
PCB - Arocior 1245/1260 

'.>.iw.«A>E+!j2 PPM DW 
0.51SO|I|OE*|}2 P'-'M DW 

9962C 

413939 0705701 91 i 1965 AM AA 0 16 M-27-1 Lead 0.151000E+03 FPM IM 
41393= 0705701 =111955 MM AA 0 16 !*-27-l 0.5CMX«X'E*01 PPn Dw ==6"A 
413=29 0705701 9111965 AM AA 0 16 M-27-1 Cooper 0.227000E+03 PP"! DW =967A 
4i3=39 v705701 9111985 AM AA 16 2o M-27-1 Ĉb - Arocior 1248/1260 u.JAvXic-vi wPM Dw **67B 
413*3" 0705701 *111965 AM AA 16 26 rt-27-1 Lead '.' • 'AWwÊ W P̂ 'M DW 9967B 
413=39 0705̂ 01 =111985 AM AA 16 26 M-27-1 Laamium '.I . IJI.'IA-'.'OE*1 . 11 . 1 Prf DW —6'7B 
•»1393= 07>::70i =111955 AM AA 16 26 M-27-1 tOBoer ==e7E 
413*3= 0"(.'5454 19350*15 AM AA 24 3a L27';2 PCB - Arocior 1254 AD537 
413=39 U~05454 =151=6: Art AA '.i 12 L-27-0-1 PCfc - Arocior 1254 'j.I'A'VA>E+y5 L'6/f S 
4i3=3= 0705454 i^KOM? AH AA 0 12 L2~03 ;'CB _ Arocior i245 AE'559 
413*3- 07'"'5454 915i=55 AH AA u 12 L-27-0-1 PCB _ Arocior 1246 1"i 1 5oOwOs+'.|4 U'3 ' " 5 AD559 

AM AA "12 L~3"2 
4i 3=46 0705454 >=5:i . !-l5 AH AA v 12 L2J02 CCB _ rirocior 1245 AD5o2 
413=45 0'70545a =l6ic£: 
41^—CM Mflt *S\HI i tUh t — M"| 

4l3=5i '̂'"""'"ii ii""'oi=6= 

4 12=55 070545a I'ct'lwe 
i 13=55 OT05456 19651 A'e 
412955 v~.'5455 1*5510' Jo 

AM A*. " 12 L-23--1 
MP >"A .4 j6 T-I--I i 
if MM 12 I* J-l*-1 -! 

rtM Hh i'l 12 J-l'-' -1 

Ait HH u 12 lOA'i 
AM AA 0 u r2'A'i 
AH nf> 0 12 r 1=01 
AM AA 0 12 M2e01 

w g - -ricior 1_5'1 

P'"5  Ar^cior '2C4 
C'C.5 • Aro:ior 125J 

i-lB _ Arocior U46 
PCs - Aroclor 125* 
PCB - Arocior 1254 

"> idv.i'OE*'1: ''G/1 G 
1 1 <l !i H II lt-*l )4 (jb ' ^ 1? 

• 3 "• ''.' 'vE"fc< '3 'j-3 ' 1 5 
u139000"f-'""

|5 U6/1G 
' ' • .i'l" " "j 't* '5 Ub' ̂  G 
.. jwwuE*1 . 1? UG/ i 'j 
|.'.£=0>I|XIE*|. I3 uG * G 
,2\VK!'E-H.|3 UCv'rG 

HU~'i)ti 

AD̂ n 
hu5» 
AD56e 
AD55* 
AD596 

4 i 2*-5 '.'7054:2 1-850915 AM AA u 12 L2511 »'CB - Arocior 1254 AD595 
4l3=5e 0705453 1985'.'=! 6 AM AA 0 12 L2001 PCE - Arocior 1254 '.4iw<XiEH'5 UG/i G AD5** 

AM AM i.' 1Z LJA'l PlB _ A^ocior li'48 '.i.tt'Ai'.'vt-*-'̂  UG MJ 
413=51 07'.'5450 9161965 AM AA u 12 M- 22-Oi Leaa 0.1e70uOEt03 MG/tG MAB750 
413951 070:450 9161=65 AM AA 0 12 M-22-01 Copoer 0.155000E+03 nfi'15 MAB750 
413939 0705454 9151=86 AM AA 24 3e L-27 Leaa 0.24WUOE+02 MG/KG MAB751 
413939 u705454 =151956 H« HA 24 36 L-27 Loooer MAB751 
413=39 0705454 9151986 AM AA 12 24 L-27 Leaa 0.340000Eni2 MG/KG MAB752 
413939 0705454 =151956 AH AA 12 24 L-27 Cooper u.210'.'OOEH'2 MG/FG MAB752 
413939 0705454 =151966 AM AA 0 12 L-27 Lead 0.125<»XiE*03 MG/KG MAB753 
41393* 0705454 =151966 AM AA 1.1 12 L-27 CoDoer 0.5050WE-03 MG/K6 MAB753 
413946 0705454 9161965 AM AA 24 3e L-23 Leaa 'j.480iAi'"iE-M.'l MG/F.G MAB754 

fiM in "i -Ji. 1 ,~~ i j "i ii'ilViĈ ri 1 Mi" A i~ 



4ii'4t ('"Ot'4"-*
4i3945 v7v5454

 ":tJ9£5 
 9lsl"65 

Ar1 AA [1 Z4 L-23 
Ai(! -A i_ 2" L-23 

1 irC. 

"oDtisr 
• I iwiYn'iiig+rr p-.i/| i" 
1 1 V K i' It )f ' s +'! ' frtji •' * h 

MAB755 
MAB755 

413;45 "0545J 9:ei9E':' -.'! An .'ill L-23 '.-i: 1 ' « * ' -'*.'W£*'.' Jf i J.' ̂'.13 nAB756 
413945
413955

 "0545
 705456

 9161983 
 9i41955 

A"* AA 0 1Z L-23 
AH AA 2-i 36 3-19 

Copoer 
Lead 

1 1 ilM 1- )' ti IH+( i < ?$î  ' *•' |i 

0.690000t*0i MB /KG 
rtir*7^A 
MAB762 

413956 705455 9i41965 Afl nii Z4 3ft J-i" Copoer O.ii'.i'X'OE+O.; l-te/r" rtAB762 
413956 7y5456
413956 ' 705455

 •? 141985 
 9141955 

AM AA 12 24 3-19 
AM AA 1Z 24 3-19 

Lead 
Conner 

O.l60000t*02 MB/KG 
0. 33i'".'*X'E'*1)Ji MS/KB 

MAB763 
KAB763 

413956 0705456 9141965 AM AA 0 12 3-19 Lead v.owOO'jE+Oi MB /KB MAB764 
413956 0705456 9141955 AM AA 0 12 3-19 Copoer 0.105000E+03 tiB/KB MAB764 
413955 u705457 1 we 1955 AM AA 0 12 K-20-0-1 Lead '.'.950("XiE*OI: MB/KB MAB7SO 
413"55 07(5457 10061955 AM AA 0 11 K-2V-V-1 Coooer 0. Iii5000t*03 HS/KG MA5750 
413958 0705452 100oJ965 AM AA 12 24 L-19-0-1 Lead 0.580000E*Oi hG/Kb MAB781 
413958 0705452 !w61955 Art AA 12 24 L-19-0-1 Copoer 'j,Z40000E*01 SB, 'KB MAB761 
413956 0705452 10061985 AM AA 0 12 L-19-0-1 Lead 0.330000E*02 MG/KG MAB782 
413955 0705452 100619S5 AM AA 0 12 L-19-0-1 Copoar 0.92uOOOE*01 MB/KB MAB7S2 
413958 0705455 1006 1965 AM AA 0 12 K-19-0-1 Lead 0.750000E*02 MB/KB MAB7B3 
413955 0705455 10061985 AM AA 0 12 K- 19-0-1 Copoer 0.540000E*02 MB/KB MAB7S3 
413941 0705449 19550915 AM AA 0 12 M2601 Lead 0.700000E*Oi MG/KG MAB790 
413941 0705449 19650915 AM AA 0 12 M2601 CaduiuBi 0.300000E+01 MB/KG MAB790 
413941 0705449 19850915 AM AA 0 12 M2601 Cooper 0.390000E-HJ2 MB/KG MAB790 
413951 0705450 19850916 AM AA 12 24 M2202 Lead 0.430000E*02 MB/KB MA5791 
413951 07(6450 19850916 AM AA 12 24 M2202 Cadniuih 0.500000E-KU MG/KG MAB791 
413951 0705450 19650916 Art AA 12 24 M2202 Copoer 0.220000E*02 MG/KG MAB791 
413943 0705452 19650915 AM AA 0 12 L2511 Lead 0.316000E+03 MB/KG MAB792 
413943 0705452 19550915 AM AA 0 12 L2511 CatiniuB O.o00000t*01 MB/KG HA5792 
4i3"43 0705452 19850915 AM AA 0 12 L2511 Cooper 0.358000E*03 MG/KG MAB792 
413956 0705453 19850916 AM AA 0 12 L2001 Lead 0.154000E*03 M5. KB MAB793 
413956 0705453 19550916 AM AA 0 12 L2001 Cadmium '.' . 6wO'A»E*'J l MS/ KB MAB793 
413956 0705453 19550916 AH AA 0 1Z L2001 Coooar 0.12SOOOE*03 HB/KB MAB793 
4i4n01 0705506 9141955 
4i4vOi 0705505 9i4l955 

AM AA 0 12 5-16 
AH AA 12 2* 5-16 

PCB - Arocior 1245/1260 
PCe - Arocior- 1245/ 126u 

0.312000t*03 PPM DW 
'.'. l4*!OOOE't''.|4 PPM DW 

0030A 
003'.'B 

414001 0705505 9141955 AM AA 12 24 5-16 Lead 0.196000E-04 PPM DW 0030B 
414001 0705508 9141955 
414y.'l 0705505 5i 41955 
4l4v.l 0"05t'05 914195:" 

AM AA 12 24 5-16 
AM AA 12 24 5-16 
ArS AA 24 3e 5-1" 

Cadmium 
Coooer 
pr/s - Aroci'T i/45; 1260 

1 . 1.jei."jwt*"i' Pf-'M Dt" 
v.l7":OwE*04 PSM DU 
•"i -7̂ (Vii'ift'"i" uwi" HIS 

ir.'j'.'ti 
0030B 
iViiyC 

414v01 0705505 9i4i955 AM AA 24 36 '3-15 Lead •:>.960000E*03 PPM DW 0030C 
4>4(-'.! 07=J550S "141955 
4l40'.-i 0*i'5508 5i4-«55 

All AA 24 36 5- if 
AM AA 24 36 5-15 

CiGBUt 

Coooer 
c  . e,yryi, if.f.-ii pDH jjW 

0.i~'.'OOOE*04 PPM DW 
'X'30C 
0030C 

41401* 0705506 9131955 AM AA 0 12 H-12 KB  Arocior 1245/1260 " . " • " '•." '£*'"» t-'P!" Dw i_»_i4iA 
414014 0705506 =131965 AM HH 12 14 H-12 PCs - Hrocior 1248/12oO V.374000E+04 PF*I t* 0042B 
414014 0705506 9131955 Art AA 0 12 1-12 PCB - Arocior 1245/126'j 0.1370'X'E*'.'4 "vH DW 0047A 
414014 0705506 9131955 AM AA 0 12 1-12 Lead 0.137000E*04 PPI" DW 0047A 
414014 0705506 9131955 Art AA 0 12 1-12 LiOIUUfl: 0.i37000E*'.'4 &PM Dw 'X-47A 
414014 0705506 9131965 AM AA 0 12 1-12 Cooper 0.137000E+04 PPM DW 0047A 
414014 07055u6 9131965 AM AA 12 24 1-12 PCB - Arocior 1245/1260 0.730("X'E*OZ PPM Dw OC47B 
414014 0705506 9131955 «M AA 12 24 1-12 Lead 0.730000E+02 PPM DW 0047B 
414014 0705506 9131965 AM AA 12 24 i-12 UQffii'JD '.i.7jwwt*<.'i PPM DW 0047B 
414014 0705506 9131965 AM AA 12 24 1-12 Cooper 0.730i>X>E*02 PPM DW 0047B 
414025 0705459 9151965 AM AA 0 1 3-7 PCB - Arocior 1246/1260 0.21500<.'E*05 PPM DW 00526 
414028 0705459 9151985 
414025 0705459 9151955 

AM AA 6 7 3-7 
A* AA 12 13 3-7 

PCB  Arocior 1248/1260 
PCB - Arocior 1246/1260 

0.761000E+05 PPM DW 
l.'.t|4tAiwE*o5 P&M DW 

0052C 
0052B 

414026 0705459 5151955 AM rA 30 40 3-7 PCB - Arocior 1245/1260 0. '23000E*02 Ppw DW 0052G 
414020 0705457 91sl935 AM AA 0 12 3-10 PCr - Arocior 1248/1260 0.656000E*04 PPM DW w55fi 
414020 0705457 "161955 AM AA 12 24 3-10 PCB - Arocior 1246/1260 0.740000E*00 PPM DW 0055B 
414015 0705459
414003 0705506

 "1319S5 
 5291965 

AM AA 0 5 J-12 
AM AA 0 6 H-17 

PCi; - Arocior 1246/1260 
PCB  Arocior 1248/1260 

0.173000E-03 PPM DW 
0. 495OOOE+03 PPM DW 

0055A 
9677A 

414003 0705506 8291985 AM AA o 15 H-17 PCB - Arocior 1245/1260 y.405000t+01 PP'n Dw 9S77B 
4i4w3 u705506 6291955 Ah AA 6 16 H-17 Lead 0.1700"XiE+02 PPK DW 9877B 
41*003 070350s 6291965 HP Hn t 16 H-17 Caairiiut C'.0'i"i"".'(|t*0u PPrt Dw 9577B 
4i4;.'03 0705506 5291965 AM nH 6 16 H-17 Cooper 0.3300"X>E*u2 PPM DW 9677B 
4140v3 070550o 5291955 Hit AA le jo H-17 t-'CB • Aro.:ior 1246/1260 0.115000E*01 PPM Dw "577C 
414'.".'.' 'Ji'.i" j'.'t 6i¥l95:> AM AA 18 3o H-17 Leao 0.37000ut+02 PPM DW 9677C 
414WJ 07055("6 8291955 An AA 16 36 H-17 CiiMiuin 0.3000005*01 F^M DW 9677C 
414003 07(i5506 8291965 AM AA IS 36 H-17 Cooper 0.3100wE*02 P"-h DW 9677C 



4i*j" '.. '.'"« VI IM i WW" rt"-iH 1 1 6 i-.1: ui?0 Dw A-10 
4'14 •" 
4i4i».'7 

(.•~3j502 
1 '~0550; 

-'.-4.76: 
5-341 555 

Mln 

Art 
H

AA 
i.. 
M 

* 

6 

I-L-J 
i-15 

C-Jt'lU" 

Loooer '.'.l390oOE*04 PPM DW 5?u2A 
4 140.'" '.' 055o« V'j4l955 rll Mr* t 24 1-15 PCB - Arocior 12̂ 5.'12ip.' 
4140o7 0705502 5o41985 AM AA e 24 1-15 Lead O.eoOOoOE-02 PPM DW 9902B 
414001 v?0o5u. 5i.-»198:. AM AA 6 2*1 1-15 Cadmium PPM DW 
414007 0705502 9041985 AM Art 6 24 1-15 CoDDer u.l2900i.'E«03 PPM DM 9902B 
414iX'7 07055*32 9(341965 AM AA 24 36 i-15 PC6 - Arocior 1248/1260 0.630000E*00 PPM DW 9502C 
414007 0705502 9041965 AM AA 24 3o 1-15 Lead O.OOOOOOE+00 PPM DW 9902C 
414007 0705502 9041985 AM AA 24 36 1-15 Cadnuufi O.C«>30C'OE+W PPM W 9902C 
414037 0705502 9041965 AM AA 24 36 1-15 Coooer 0.900000E+01 PPM DW 9902C 
414013 07(355(39 5131965 AM AA 0 10 5-13-1 PCe - Arocior 1245/12eO 0.~96i>3uE+02 PPM DW 9914A 
414'..13 0705509 9131965 AM AA 0 10 5-13-1 Lead O.OOOOOOE+00 PPM DW 
414013 0705509 5131955 AM AA 0 10 6-13-1 Catmiun 0.0'AHX'OE+OO PPM DW 
414013 0705509 9131985 AM AA 0 10 5-13-1 Cooper 0.240000Ef02 PPM DW 9914A 
414013 0705505 5131985 AM AA 24 36 6-13-1 PCB - Arocior 1245/1260 O.BOOOOOE-01 PPM DW 9914C 
414013 0705509 9131585 AM AA 24 3o 5-13-1 Lead O.OOOOOOE+00 PPM DW 9914C 
414<313 070550* '131985 Ah AA 24 36 6-13-1 LiQITlimil O.oOOOOoE+00 pPM Dw 
414013 0705509 9131965 AM AA 24 36 5-13-1 Cooper 0.100000E+02 PPh DW 9914C 
414<A'Z 0705508 9141985 AM AA 0 24 5-17-2 PCB - Arocior 124S/12bO 0.1i47uOE*0» pPfc Dw 9916A 
4i4o02 0705508 9141565 AH AA 0 24 5-17-2 Lead PPM DW 5518A 
414oo2 0705508 vl4156; AM nA o 24 5-17-2 Cidifiiuft Uphi [l̂  55 ISA 

414002 
414002 

07o5508 
0705506 

9141965 
514156: 

AM 
Al* 

AA 
AA 

0 
24 

24 
35 

5-17-2 
5- 17-: 

Cooper 
"CB - Arocior 12*5.' 1260 

PPM Dw 
uuf, TJK 

9916A 

414o02 0705508 9141965 AP AA 24 36 5-17-2 Leao 0.150oOOe*'J4 PPM Dw 
41 41/32 0~i355-38 5141985 £h AA 2* JB 6-17-2 •".siaiut i.-.ij'.10(XioE*(31 &0*| [if 

414w2 07-35:08 9.141965 AM AA 24 35 5-17-2 Coooer PPM DW 
^ > ii'n'i"* 0705506 5141°55 Ah HH 45 »9 5-17-2 r\S - Arocior 1245 lioo 
*T i **VJfc 'J7'.-5508 "141985 AM AA 45 49 6-17-2 ieao o.i30iXioE+04 ppjn DW 
414002 0705505 ;l*i955 Ah AA 45 4*~ 6-17-2 Caaiiiiuir 0.l!.'0'X.-OE*02 Ppi* Dw 
414iX'2 070550B 5l-iiv85 AM AA 45 49 6-17-2 Coooer PPM Dw 
414002 07055(35 914156:. AM AA 40 65 5-17-2 PCs - Arocior 1245/ 12oi.i '.'.575'X'OEi-Vi PPM Dw 
414002 0705508 5141985 Art AA 49 65 6-17-2 Leao 0.474000E+03 PPM Dw 9919E 
414002 0705506 9141955 Oft AA 45 65 5-17-2 CadnaiWi PPM DW 
414002 0705506 9141985 AM AA 49 65 6-17-2 Cooper 0.62500(3E+03 PPM DW 
414037 07055(31 9151565 Ar> AA 0 16 1-3-1 PCB - Arocior 1245/1260 ppfo Dw 5925A 
414037 0705501 9151965 AM AA 0 18 1-3-1 Lead PPM DW 9925A 
41*337 07(35501 =151585 AM AA 0 15 1-3-1 LJOililUHi Pfi Dw 9925A 
414037 0705501 9l5i9B5 AM AA 0 15 l-3-i Coooer 0.ll80'X'E+04 PPM DW 
414037 
414037 

0705501 
0705501 

5151555 
5151935 

AM 
rift 

AA 
AA 

16 
IB 

25 
:B 

1-3-1 
1-3-1 

PCB - Arocior 
Laid 

1248/1260 0.22'XwE+O1.' PPM DW 
PPM DW 

414037 0705501 5151965 AW AA 15 26 1-3-1 CiaiTiiuni '.'.WU'.vvE+Oo PPM DW 
414037 
414022 

0705501 
07o5503 

9151985 
3i /i'65 

AM 
AM 

AA 
AA 

18 
1.1 
28 
i.£. 

1-3-1 
i-1*-! 

Cooper 
PCB - Arocior 1246/1260 

0.2500i30E+02 POM DW 
PPM r,w 5927A 

414022 0705503 9171965 AM AA o 22 1-9-1 Leaa PPM DW 9927A 
414o2Z 
4 i4022 

0705503 
O7''o503 

9171555 
5l7196T 

H1 

Art 
AA 
AA 

0 
0 

*Ĥ  

2*. 
1-5-1 

1-9-1 
Caaniuii 
C.-iooer 

op"! DW 
PPM DW 

414u22 O7'.':5o3 91 "1565 A* F • 22 'V I—i PCB - Arocio' l̂ -'ir.aO PC*! Dw 
41-":: 07055*33 91"i565 AM AA '— 29 i-5-1 Leao '.'. ."."A'1 'Ot*1 "0 PPM DW 
4140L. I*7! >- -.1 1 * W* I -*K"-f nM H.f- f ^ t -W-1 C 5'3f.i '.'JlIi WKP L'W 

41-kc: 
4,*..-

0705503 
, ,—,-,—, , % 

917156= 
v •. ™ < 05= 

rtf! 

Ah Hli 
^^ 

i , 
29 
l" 

I-9-l 
7-;;-; 

C.'DDer 
KLe - Hrocior I"4H, [-frM 

i . i.60o'X".'E+01 PPM Dw 

"fJ'.'H 

414-.'17 •370:503 =17! 56:. AM AA i t 1J I-li-1 PPM DW 
4i4>3i7 .''055-32 91 "1985 A«| •M V tj Ki-i CSJBIIW 
414oi7 o~"'f50j 5i7i56: nit MM 0 13 I-ll-l Cooper O.lSiO'.-OEn^ PPM Dw 
41401-" 
414«'i7 

.'7y5502 
07o-55o3 

vplwCn 

9171955 
HTl 

hM 

Al 

AA 
13 
13 2̂4 

I-ll-l 

I-ll-l 

i-'CB - H'jcior 
Lead 

1246.' 12oO 
0.430iA'OE*'32 

Dufrt [î  

PPM DW 9530B 
41*.'l7 07055U3 517196:. Hh HH 15 24 Ml-1 Caniun M-'l DW 
4l4i.il/ '.'705:uj 7171985 AM AA 13 24 1-11-1 Coooer 0.47'3(X»JE+i)2 PPM DW 9930B 
414017 •3705503 5171565 AM AA 24 36 I-ll-l PCB - Arocior 1246/1260 PP« DW 
414«.'17 0705503 9171565 AM AA 24 J6 I-ll-l Lead 0.'Xn>uOoE+(Xi PPM DW 9930C 
414017 (i 7055o3 5P1985 AM AA 24 36 I-ll-l Caaraiurti u.uooOOot+Ou PPM Dw 
414017 0705503 9171965 AM AA 24 36 I-ll-i Coooer 0.900oOOE+Ol PPM DW 9930C 
414017 0705503 5171985 AM AA (j 12 1-11-2 PC& - Arocior 1248/12&0 0.225000E+05 PPM Dw 0532A 
414017 0705503 9171965 AM Art i'< 12 1-11-2 Lead o.225CvoE+05 PPM DW 5932A 
414017 i '705503 5171955 Ah AA 0 12 1-11-2 Caoitiiuiti 0.2250WE-HJ5 PPM DW 9932A 



--

4i4-17 , ,-^ss-,-. =i7i955 A" AA .1 12 i-li-2 '" IDPe' — ̂ iiiinr+li-, PP|*1 DW =932A A-ll 
414^r 07055v3 -17:W5- -m Ab -* ••«!•- PCP  hrCCiOf i2-'a/126u 1 1 . lU'.'O'.'t*1.':' Pp '̂ L')̂  ==32B 
414«'l •.','.'5:0^ •*l,li'65 Hr1 Ai i2 24 1-11-1 Lead o .liIO'X'E*'.'5 pph) [>W =932B 
4140j? 0~ij35v3 9P19B5 AH* AA 12 2* I-U-2 Caoihiun. IJ . 1 i2>A't+'J5 v-vrt DW 9932B 
414«.'iT 0'..3503 9171985 hri AA 12 24 1-11-2 Coooer 0 .1120wEH>5 PPM DW 9932B 
414032 0705459 =151=5: Ai« AA '.• 24 J-5-1 PCt  -rocior 1245 '1260 1 1 .282">X1E+Vj PPH [î  9934A 
414i.»32 0705459 =151=65 rin AA 0 24 J-5-i Leao 0.223000E+03 PPM DW 9934A 
414032 070545= =15198:' AM An 0 2* J-3-1 ClO l̂UITi 1.1 .4y>X"jE+01 PPM Dw 9934A 
414-.'32 0705459 9151985 AM AA 0 24 J-5-1 Cooper fl .l65i.»X't*03 PPM DW 9934A 
414032 070545= 9151985 H* AA 24 36 J-5-1 PCB  Arocior 1248 '1260 v . l̂iWA't*1.".' PPM DW =934B 
414'.'32 07v5459 =151985 AM AA 24 3s J-5-i L'jfl I'BV n'|i H'lE '̂u*) PPM DW 9°34B 
414032 0705*5= c!51=8: Art AA 'iCfi'iiri 0 , uiii u mi 1^4-1 MI JvM Df =934B 
414032 '.'705459 =131985 AM AA 24 3t J-5-1 CoDDer 0.500vOuE*01 9934B 
4i*025 y i''.oow 9l6l=55 £>M AA '.• 24 J-6-2 PCB  Arocior 1245' 12'X1 I.I .254IXK1E*I . I4 PP!« DW Y7JBH 

414023 0705500 9161955 AN Art 0 24 J-6-2 Lead 1*1 .7=l'X'OE*i.'3 PPh Dw 9936A 
41403 0705500 9101^85 At" AA 0 2* J-6-2 UiOffilUDi 1 1 .Ij'.ii.mOtMĵ  wC'|ii DW ==36A 
41*025 0705500 9161985 Art AA 0 24 J-8-2 Coooer 0.lOotXiOE-H.!* P&M DW 9936A 
4i*u25 07055W 9161965 H'! HH 24 32 J-8-2 PCB  Arocior 1248 '12eO 1 1 .122(wE-HJl PPM C«w ==36B 
41*025 0705500 9161985 AM AA 24 32 J-8-2 Lead 0.1530006*03 PPM DW =9366 
41*025 0705500 9161985 Aft AA 24 32 J-8-2 Cacjsiuc: ',' .yOOuOuE^O'j pt'jif DW 9=38B 
41*U25 0705500 9161985 AM AA 24 32 J-B-2 Copper 0.1370iX>E-i-03 PPM Dw 9936B 
414012 0705459 9131985 Hrl HH 0 6 J-13-2 PCB  Arocior 1248/12&0 0.l39w)Ei-03 PPM DW 9941A 
414012 0705459 9131985 AM AA 0 6 J-13-2 Lead 0.lSlOOOE+03 PPM DW 9=41 A 
*14012 07(35459 9131955 AM AA 0 8 J-13-2 Cadre IUBI 0.3000(«JE«)l PPM DW =41A 
414012 0705459 =131965 Hrl HH 0 8 J-13-2 Cooper 0 ,355wOE+03 PPM DW 9941A 
414012 070545= 9131955 AM AA 5 20 J-13-2 PCB  Arocior 1245/1260 0.l4i.«X'OE*00 PPf* DW ==418 
414012 0705459 9131985 AM AA 5 20 J-13-2 Lead 0.330000E+02 PPM DW 994 IB 
*14012 0705459 =131985 AM AA 6 20 J-13-2 CiOffliiJiri 0.2wOOOE*i.l PPM DW "941B 
41*1)12 0705459 9131985 AM AA 8 20 J-13-2 CoDDer 0.470000E+02 pc*) DW =941B 
41*009 0705*59 =131985 Hrl Hf1 0 lo J-15-1 PCB  Arocior 1248' 1260 II •552000E-02 PPf! DW ==*2A 
414009 0703*59 9131=85 AM AA 0 16 J-15-1 Lead 0. BoOwE-̂ OI' PC'M DW 9942A 
4J400= 0-0545= =131'85 AM A> 0 16 J-15-i Caoit'iuiti 0.20wX'E*"l PPM DW 9=42A 
* 1*009 0-05*5= 9i31965 An AA 0 16 J-15-1 Coooer 0.197000E+03 PPM Dw 9=42A 
41*032 0705*5t 9151955 L.M•111 "1 rtfi 0 12 h -3-2 "C£  Arocio" !2*6/i26- 1 1.•'i'.l'JA'C*!.'-' OLttj [||ij 5w4vft 

* 14032 070345o =l5i955 "M AA 0 12 k-5-2 teaa 0 .i7*00-.'E+'.'3 PPM Dw =949A 
•tl-'jji .' 'O426 *l:'t553 Ah iiA i1 IL r-5-2 CaOil.lUS. '. ,7CI00|.".|E*I . I1 -'PM DW v345A 

*i4.)j; i/TO"*:* 513i=83 AM AA 0 12 k-5-2 CoDDer 0i59tOOOE4'03 PPM DW SS&H 

41*u32 i.i~05*5c =i:i=85 Aft AA 12 24 i -5-2 PCB  rirocior l2*3 ' i2oO •: • 23*u(" 't^' 'l D:T" iw =v45B 
*i*'.'32 '.'"03436 =151953 AM AA 12 24 i -5-2 LeaD ''• .2VO'A".iE*0; PFM L«H sw43g 

*i<i32 
41 *«.•:: 

V-054JS 
'.' / vf 45o 

=131955 
Wi51?ti5 

n" AA 

AM rih 

l. 24 
12 I* 

p - -^ 
s-5-2 

CaoBiur, 
C^onar 

."•Xv».'t*'X' 

. ji'.v.".'E*".'i 
uDn [,rt 

-'c'1 D^ 
==4=E 
554155 

•'14032 i iifrtiSc vt=  - i^gS M^ Ah Za 33 , _=;_- PCb  Arocior 12*5; 1260 i . =iVMi HlE-ipl Op,1 L* 5C45.L 

4 i 4032 '.'70345o 91:1963. AM riA 2* 33 K-5-2 Leso ,;, • 00'."!'|AIE*'.1IJ PPM DW 5545C 

-i*0 32 
*14u32 

07v545i 
0705*5o 

9i51=55 
=151*55 

A* AA 
nil MM 

24 33 
24 33 

1-5-2 
K-5-2 

Caaniufi 
Cooper 

u 
0 
.l.".W!A'i+'.i" 

.IO(.WOE*O; 
:oui T.(J 

PPM DW 

v^iwr 

=94=C 
414C'2i 0703703 =ltl=65 AK AA 0 11 L-10-1 PCB  Arocior 1246/ llou .. .3lE'X».'E+vJ PPM Dw ==56A 
414v2i 0705703 9161985 AM AA 0 h L-10-1 Leaa 0.835iX'OE*03 PPM DW 9956A 
41*021 0705702 =151=85 A*i AA 0 11 L-10-1 Cidir.ium I.I .12'XOOE*v2 L'u'tn r^ ==5oA 
414021 07(i5703 =161=85 AM AA 0 il L-10-1 Coooer 0.153wOE-"* PPM DW 9°5oA 
*i*o:i 0705703 =lbl=85 Af» AA 2* 3c L-10-i PCB  Arocior 1245/12eO '.' .dOOiX'»E-'.'l PPM DW =95«jC 
414021 0705703 =161965 AM MM 24 36 L-10-1 Lead 0.WiAi'A'E+O'.1 PPh DW 995oC 
"14021 0703703 =161=85 AM AA 24 36 L-lu-1 ''aoGtiuR t'l ("ll K'M ini'iCiiVi pi-'M DW g r̂ p 

~ 
414021 0705703 9161585 AM AA 24 36 L-lO-1 Coooe" I.I. KM.'OwEnii FPM DW 995&C 
414030 07054*9 9i6i=B5 Art AA 0 24 M-6-2 PCB  rirocior 1245 '12oO 0.o0700uE+03 PPM Dw =9o5A 
41403(i 
* 14030 

070544= 
07054*= 

9161985 
=lcl=65 

AM AA 
nM "A 

0 24 
'.' 24 

M-6-2 
M-o-2 

Lead 
Cafliiiiuui 

0 
u 
. *9~OOOE+03 
riiinri(i('t-M"'i 

PPM DW 
PPM L«w 

9965A 
99&5A 

414n3o 0705449 91&195: AM AA 0 24 M-o-2 Cooper 0.717000E-HJ3 PPM DW 9965A 
41403'J 070544= 9161985 AM AA 24 31 M-6-2 PCB  Arocior 1245/12ai.i (.1 .35iX".'i.'En«.' PPM Dw =9a5B 
414030 i.i7u5449 =161965 AM AA 24 31 M-6-2 Le?a 0.'XtowOE-K'O PPM DW 99c5B 
414030 070544= =161=65 Hit rtA :* 31 "l-s-2 Caaiaunt l.l .'."."".'(X'Ef.'v PPM DW 9965B 
41403v 070:449 9161983 AM AA 24 31 M-6-2 Copoer 0 .,«:IOOOOE+OO PPM DW 9965B 
4l*'X'i 
4i*00l 

','705*:"' 
07'.'5457 

= 16198!: 
1=550=16 

Ah AA 
AM AA 

24 3c 
0 12 

t-15 
hlcll 

PCS
PCS

  Arocior 
 nrocior 

125" 
1254 

IJ 

0 
.74w'ji'E+C2 
.42(ltA'OE+'.'4 

'J'3'rG 
UG/sB 

AD5&3 
AD565 

41*'X'l '.'705457 =161955 AM Hh ( | 1 ~rl-18-i-i '•'Ct _ Arocior 1246 I.I .low'X'E*".'* U 6 - f  5 AD5o5 
414i.'ui 
4Uiiitv 

0705457 
tY/i'iS*8," 

1985091 e 
! 1 II 1* 1 VH-^ 

AM HA 
U.H ia 

0 12 
"4 Vi 

K181J 
I tJ-ii 1 

PCB
DfR

 _ Arocior 
 ur.irinr 

1246 
)7~4 

0 
, , 

.ls'X'wEi-04 
1 MIIMfH ll--l-' '" 

L'6/rG 
II../VK 

AD565 
un^Ti 



1•i 4i-"il .""545" .'."'tî / AP* AH 1- Jt- t -i3-0-: wli - Aroci-:'' 1254  .42"'"A>E»"* L'b't'.- HL'f74 

4H-.lj .'"0545" :••.•; :935 A"! HH 1- 3t ' s.3-"-! t-'Lb • h-ocior 12*7 ''•.4«'." '•";.-'i4 L'5 i G Hi'574 
414013 070:457 Iwei985 Ah1 A- i2 24 h- 13-0-1 KB - nrocior 1254 •.B1* '• 'i'" '"••»•' 4 l '6/^ 5 AD575 
414vl3 07054" 1W6198: Hi" AM 1.2 2* F-lJ-'.'-l Kn - A'ocior 1242 v.l ..̂ /.''.'E^1!1: |j''?'tJ'5 HD575 
4 140 13 O7'.o457 i we 1985 AM AA (.' 12 1-13-0-1 PCb - Arocior 1254 i.'.120w'Jt+04 hG/t'G AD576 
414i'l2 0705457 10061985 rir* HA i.' 12 f-13-v-l KF - Arocior 1242 '.' . 7'.'0000t*06 i''5 - 1G AS576 
414ol5 0~i.'5456 i006i985 AM AA 24 36 K- 12-0-1 PCF - Arocior 1254 0.6400WE-I-03 UG/KG AD577 

* 414015 'J705456 1 (wo 1985 AM AA 12 24 K- 12-0-1 KB - Arocior i254 0.72wOOEf04 UG/'KG AD578 
414015 070545e i 0061 985 AM AA 0 12 K- 12-0-1 PCB - Arocior 1254 0.6eOC>OOE-t-o5 UG/'KG AD579 
414032 0705445 10051985 AM AA 24 36 M-5-U-1 KB - Arocior 1254 0.5100wE-K4 UG/Hb AD5SO 

414032 0705449 10051965 AM AA 24 36 M-5-0-1 KB - Arocior 1242 O.eiOOOOEfM UG/KG AD5BO 
40


414032 0705449 10051985 AM AA 12 24 M-5-0-1 KB - Arocior 1254 O.SIOOOOE*',^ UG-'kb AD561 
414032 0705449 Iw51985 AM AA 0 12 M-5-0-1 KB - Arocior 1254 0.3'X)00«)E+06 UG/'KG AD582 
414032 07(55445 1...051585 AM AA u 12 M-5-0-1 PCB - Arocior 1242 0.14C-<JOOEt-06 US/ KG AD582 

«• 414025 0705445 10051985 AM AA 24 26 N-B-0-1 PCB - Arocior 1254 0.170000E+05 UG/PG AD583 
414025 0705445 10051985 AM AA 24 26 N-8-0-1 PCB - Arocior 1242 0.260000E+05 U6/KG AD583 

414025 0705445 10)51985 AM AA 12 24 N-6-0-1 PCB - Arocior 1254 0.400000E+05 UG/KG AD564 

10 414025 0705444 198510-05 Ah AA 12 24 53256 PCB - Arocior 1242 0.e400<X'E-M;5 UG/KG AD564 

414u25 0705445 10051985 AM AA 0 12 N-8-0-1 PCB - Arocior 1254 (J.270000E+06 UG/KG AD585 
414025 0705445 10051985 AM AA 0 12 N-8-0-1 PCB - Arocior 1242 0,230000E+Oe U6/K5 AD535 
414003 0705456 1985iOOe AM AA 0 12 K1701 KB - Arocior 1254 0.150000E+03 UG/KG AD590 

M 414010 0705455 1 "551 wo AM AA 0 12 K1401 KB - Arocior 125* 0.130000E*( !̂ US^S AD592 
414010 0705*55, 19851006 AM AA 0 12 K1401 KB _ Arocior 12*6 0.3!OvOOE+05 UG/KG AD592 
4l4'.'28 07054*6 l?a:lC"J5 AM Ah i 12 N7H Kb - A'ocior 17:54 '.'.21 wwE*'.1* uG/ h'5 AD593 

J| 414025 O7'.'5*4e 1 '551005 AW AA ' 12 N7tl KB _ Arocior 1246 l.'.4i'ui."A'Ef'j3 UG/FG AD593 
414ij30 7054*7 I'Sfl'Â  A-M AA • i2 feOi DCr - Arocior 1254 'j.eOOvOOE*1.1* UO-'r'C AD554 
41*030 ~05**7 i*551w5 AM AA '.' 12 NO'JI PC? . Arocior 12*6 O.biwwEnC' '.C'Ft AD594 
41&.-33 7-.-5452 19e:iOv5 r-i' ̂  . 12 L=»J: Ks - Arocio'1 1254 L > r.".iU"OE*' « ilG '.G HL'5^5 

4i4'.'jj y,-'.'-45- iwBjiw5 An AA o 12 L51)! KB - Arocior 1242 '.'.jsOOvjc^'t L"3/r-6 AD595 
i[iiY>i O7'.'545fi 19850915 rt" Ah v 12 FiaOi Ke - Arocior 125* i t "<ut .i"iMH-.Mi ii|-ff!; hDt'X1 

41*004 O7'.i:-*5e l 96505 io An AA 0 12 rleOl PCB _ Arocior i24fc '.' . 23000i.'Ef 03 uG/ K 6 ADoOO 

4V 4ii.iv! y?05457 5̂ 1955 ht(l AA 24 36 r-'3 LS10 0. 631'." iX'E*1.1 ' HE "• E ^6757 
•14wl 0705457 5|6i985 AM AA 24 3o F-ib Coooer o.l3i.iOO'.'E»v2 HG/KG MAB757 
414001 0705457 51el9S: AM AA 12 24 t-i5 leaa o.I700wE*02 ri5''G *»;B758 
414o01 0705457 9161=85 Ah AA 12 2* K-18 Coooer 0.*30'.»XiEn'2 MG/KG MAB756 

* 41*001 0705457 'lii9E5 AM AA y 12 F-18 tean '.'.ieoOwE^.'J Mo'Fb MAB759 
414wi 0705457 9 to 1985 AM AA 0 12 K-18 Coooer 0.i720wEf03 MG/IG MAB759 
414009 0705452 '131985 AM AH 2* 30 i-:4 Lead L'.lj'.WjE-MJi Mjj'l D MAB~65 
414009 0705452 9131985 AM AA 24 30 L-;4 Cooper 0.120uOOE+02 MG/FG MAB7o5 tt

41*009 0705452 9131555 Hi ̂  12 24 L-i4 Lead

414009 0705452 9131*85 Art AA 12 24 L-i* Cooper 0.950000E+01 M6/K6 MAB7oo 
414009 0705452 9131585 AM AH 0 12 L-l- Leao o.-*l)w.'E'('.)i MG'KG mAB7e7 

• 414009 0705452 9131965 AM AA 0 12 1-14 Copoer 0.110000E+02 MG/KG MAB7&7 
414012 0705456 9061955 AM AA 24 36 F-13 Lead 0.145i.i-jOE*03 MG-F'G MAB768 
414012 0705456 9061985 AM AA 24 36 K-13 Coooer 0.790CMjOEf02 MG/^-G MAB768 
-14012 070545s 9v6li»85 AM AA 12 24 (.-13 Lead


* 414-.-12 070545e 'Ool̂  AM AA 12 24 K-13 Coooer 0.23300<.iE+0'5 MG/KG MAB769 
i414012 0705*56 1 we 1*8: A!" AA 0 12 F- 13-0-1 Lead i.'.43500v.c*1!3 MG'F'3 1AB770 

41*012 07 5456 lOOei9S5 nh AA 0 12 t-13-u-l CadH'ium '.i.S200wE*Oi MG/ f  G MAB770 a 4i*0l2 ™ 5*56 l'X'tl'55 Ah AA 0 12 \ -13-'j-l L'oooer

4 !•»».' 15 07' 545e iW6i:'85 Art AA 24 36 k- l2-o-i Lead 0.!+A'OoE+v2 MG4G MAB771 

}f 4- 74 "f, t- J--ii.! ' 1t Ml > li .1 If |C>I II t ^}h • » t^ U ' 4f ' ' ̂  ' '"' O£~'f 1 ' H l£ 1 ̂ M^ ,-..,....„ MAB"7"! 
=
it *i*"lj |.'705*-t i"''sl~B5 '•M An 2* 3e K- 12-0-1 Cooosr '.'.15'.RA".iE*'.t2 hG/K6 

1

4l4Mi-| "j"'"

l='4̂ u il'"lk*'*t~ nt  An l2 2̂  i~i2".' I. as; '..iJ"i"E+-.'_ »C"Kt (1HB772 
.1 |ll"ll)iltnipf<ni n(U V  A 414i.i:5 '.'7'.'545t iwei385 A* At. i2 24 F-i2-J-l Caoiraun. P1AB772 
il — |l II I |l IK*M ffjl^ J' (4l4i.il5 0".':45e LX'tl9S: nil H 12 24 r-12-j-i CflDQ*'


M 4l4iV c>-,;w.5 i,-ji,{,;=H=; fliit u,i (i p (--jT-O-i L\?ao '.' < iCfc'."A't*UJ *tb ' t u f»AB773 
* 140 15 o~(j545a lOOel'S: Ai" Mr 0 12 r- 12-0-1 I - '"n IMI iii«"i»--n H'I tyj |H MA'' "73 
41 4015 'j7'.i5*Bio :'"»>o 196*5 «M Art 0 12 K-i 2-0-1 Coooer 0.2870wEn|3 MG/FG MAB773 

a | i414032 07054*5 1W5!9S5 n"* AA 24 3e M-5-0-1 Lead 0 . i7i"i''wt'ri!2 H'3/ F G MAB774 
414i.i32 07H5W9 iOu519B5 AM AA 24 36 M-5-0-1 Caaitiium 0 . wOOwE+Ou M6/ i,G MAB774 
414032 0"705445 Iuu51985 AH HH 24 3e h-5-(.-l Copoer 0.25'«Au''Ef'.'_ MiS/f G MAB774 
414032 0705449 K>05l965 AM AA 12 24 M-5-0-1 Leaa 0.550000E+02 MG/hG MAB775 

A 414032 0705449 10051965 AM Art 12 24 M-5-0-1 C3 ana u» 0 . OOOOOOE*W hG/KG MB775 
414032 0705449 1W51985 AM AA 12 24 M-5-U-1 Loooer u.f>OwOE-i-02 MG/KG MAB775 

""•c yu r • .-. ~~\c -, -,-.- j./ - wr 1 1 r u.-mT/ 



4l4'.'JJ 0 • 1.'j4-l%* iV'-Cî f. «M riH '.i ifc *:- '.'-'.'• i '_iCi!ill!!ii v. v.'vOOOE+OO MG/'r.G l»!AB77o 
A-13 

414032 070544? 10051965 Aft AA 0 11 M- 5-0-1 Coooer MB/KB MAB776 
414025 
414025. 
414025 

0705*44 
0705444 
0705444 

10051985 
10051965 
10051965 

AM 
Ait 
AM 

AA 
AA 
AA 

24 
24 
12 

36 
36 
24 

N-s-0-1 
N-6-0-1 
N-6-0-1 

Lead 
Coooer 
Lead 

0.167000E*03 
0.700000E+02 
0.440000E+03 

M6/KG
MS/KB
MB/KG

 MAB777 
 MAB777 
 MAB778 

414025 0705444 10051985 AM AA 12 24 N-6-0-1 Copper 0.343000E+03 MB/KB MAB778 
414025 0705444 10051985 AM AA 0 12 N-8-0-1 Lead 0.277000E+03 MB/KB MAB779 
414025 0705444 10051985 AM AA 0 12 N-S-0-1 Copoer 0.333JOOE+03 MB/KB MAB779 
414003 0705456 10061985 AM AA 0 12 K- 17-0-1 Lead 0.140000E+02 MB/KG MAB784 
414003 0705456 10061985 AM AA 0 12 K- 17-0-1 Copoer 0.140000E*f)2 MB/KG MA5764 
414007 0705456 10061985 AM AA 0 12 K- 15-0-1 Lead 0.480000E+01 MB/KB MAB785 
414007 0705456 10061965 AM AA 0 12 K- 15-0-1 Coooer Mb/Kb MAS765 
414010 0705455 10061985 AM AA 0 12 K- 14-0-1 Lead 0.273000E+03 MB/KB MAB756 
414010 0705455 10061955 AM AA 0 12 K-14-O-i Copner 0.338000E-I-03 MB/KB MAB756 
414028 0705446 10051985 «M riti0 li N-7-1-J Lead 0.203000E+03 MS/KG MAB787 
414026 0705446 10051985 AM AA IJ 12 N- 7-1-1 CooDsr 0.2C"X"JO£*02 Mb/Kb MAB787 
414030 0705447 10051985 AM AA 0 12 N-6-0-1 Lead 0.153000E+03 MS/KG MA.B785 
414030 0705447 10051985 AM AA 0 12 N-t-0-1 Copoer 0.119wOEni3 Ms/KG MAB788 
414033 0705452 10051955 . AM AA 0 12 L-5-0-1 Lead 0.375000E+03 MB/KB MAB789 
414033 0705452 10051985 AM AA v 11- L-5-0-1 Copper 0.167'XiC'E+03 MB/KB MAB759 
414*4 0705456 19850916 AM AA 0 12 K1601 Lead 0.150iXH)E+02 MB/KG MAB794 
414t""'>4 f-.-r.45t, 19550916 AM AA 0 12 K1601 Cadmium v.iwCwtt-01 Mb/Kb MAB794 
414004 0705456 19650916 AM AA 0 12 K1601 Cooper 0.230000E+02 MB/KB MAB794 



'/ V I


GROUP 3 USAGE FIT SAMPLING PROGRAM


.jO/ tv nor,j-c.i_3e.d3t


LHLhLA LONLuLU DATE_ MA FR DE DE ORIG PARAMETER CONC UNITS LAB ID

T T T D * N SAILED IE AC PT PT STATION

D M  5 M 5 RI TI H_ H_ 

AL ON T" B" 

19851030 AM Au IvA NA PCB - Aroclor 1254 0.2iOOOOE*03 UG.'l=b AD920 
41352s 070550a 19851030 AM AA 12 24 PCB - Arc-clor 1254 0.540000E-1-04 UG/KG AD921 
41392s 0705506 1985103V) Ah AA 12 24 PCB - Arocior 1242 0.230'X'OE*05 U3/K6 AD921 
413926 0~0550e 19851030 AM AA 6 12 PCB - Aroclor 1254 0.370000E+04 UG/K6 AD922 
413916 070550& 19S5103C AM AA 6 12 PCB - Arocior 1242 0. 190woE*05 iJG/kG AD922 
413c2o 0705506 19851030 AM AA 0 0 PCB - Arocior 1254 0.480000E+04 U6/K6 AD924 
41391s '.'7055'.'6 19851030 AM AA 0 6 PCB - Arocio' 1242 0.8tOOOOE*04 UG-'i-G AD5Z4 
413933 OT'.'55'Xi 19651030 AM AA 12 24 PCB - Arocior 1254 0. •iZ'OOOOEnG U5/rG AD925 
413C33 0~05500 !?85103'.i A"i AA e 12 OCB - Arocior 125^ 0.2iOOOOE*'.'4 •JS'rG ijWTj 

413933 i.'7o5500 i'55i030 AM AA e 12 DCB _ Arocior 1248 1 1 1230'XhJE*'!'4 Ub/k5 AD92& 
* 7!"l=:=i' )'

 JA413933 • i«a5i03'.' A'i  0 6 PCt - Arocior 1254 ' 1 1£7'X" 'Ob*'." IK ' t 5 AD=27 
ii3533 :~>.55w i98:i030 AK AA 0 6 PCB . Arocior 1245 0.^wijijij|iC»n4 L'3/ '• 5 AD9Z7 
41P4I 1 1 '. r--,i i«- t^K'liU'.' ^ M"! 1̂ . Z4 >Z6 - AfociC'i' L:4 1 i_'. A'.'t"*'1" ."; I to ALlCZ9 
4 1 "4. irr.—r^ ^VH1 MIJIJ *lTl 'IM »a Z4 PCp nrocior iZ48 ( ( i "i ii .1 n'i£+."i4 •.U3/ 1 5 iD929 

,, K ll (' ,1 1' IH-^i 1*4 IJJ5 K  M fiLi:;30 •* . 3** •* i ' if ij^ «..'•. 0 AA ^ \2 PCB - A^ jcior iZI* 
41 "'41 r,~M i"*/ w !??r " « Jn Af'l HH £ 12 PC? • Arocior 124Z II 2£y'uii"iiiftir !JG'i6 AL'930 ' 4 — i i i i 'V -A^W 1 . 

:i 1j54ii*i~']~=i iv i5s5i03v Af" HH 0 6 ;.rp - n r1~t\r* 1 .• r 125« r i 1 Vii.iytji-4 '.i; ut"t G Ml"5;! v  te ̂ w 1 

413*-: ..."._t̂ =i;.s i"651'.'ju AM AA '.' PCF- - procior 1Z4Z II ^ii|iiuil)tfl|0 uG/ ' b AD5 31 
^ '. 1 1 fTit )i .H-*-I i~*i:-55': •\-5tvt lct:i'.'JO A"t AA II 24 t"3t A'OCior :I54 •JG t 6 -J53Z 

A i J**: '. .' , .'"'7 '.'6 1595103'.' AM nA ^4. 24 CCB Arocior 12^8 V. iZ1"1"'!"^ t<'l̂  uG/ 1 G AD932 
II 5~| TU n'lg+i i£ ,,£1533 41395* ' ~055.it 1985103' * |̂ M f)i, .s < ~ OLB - Arocior iZ?4 uG'k cite 

413^50 ""055 >s i ?85 i 030 Ah AA t 12 PCB Arocior iZ46 l_,> 580t.">jE*Oo UG M3 AD933 
AI|;;34 413=550 ." !'550t i 9851 0 30 jrt ^ ,̂ y c PCB: Arocior :254 1 1( 5*f '.".'OijE*'.5 Li'3'i G 

413<oO "0550c 1*851030 Art AA 'J a PCB - Arocior IZ42 u. iZOOOOE+Ob U6/^ 6 AD934 
** 1 **** ta(i "." './5502 i 985 1030 i-ih AA 14 riA PCB - Arocior i254 .', 3ZOiX".'E+03 UG/ i G AI^oS 
41355o 07055vo I?6:lu30 AM AA 24 NA PCB - Arocior 1242 0. 100000E+04 UB/KS ADv35 
4i3C5o 07 '. 5503 1 "85 1030 AM AA 12 24 PCB • Aroclor 1254 II JG ' ' G AD93& 
41395o i. "05503 19851030 AM AA 12 24 PCB - Arocior 1242 1 1 ̂ lZOOOoE+04 UG/fcG AD936 
41355b 07'.'5503 1^51030 AM AA i 12 PCS - Arocior 1254 (.', 5ZOO'.".'E*Oc U6 ̂ 5 AD'37 
41355c 0705503 19651030 AM AA o 12 PCB - Arocior 1242 0. HOuOOE+u" UG/KG AD937 

1 1 41335'£j 0"05503 1 99 j 1030 AH hA v o PCe - Arocior 1254 ~4.'ii)ri",gf.')^ Ub4b AD"35 
413*5s 07'". 5503 19851030 AM AA 0 0 PCB - Arocior 1242 u.oSoOOOE-H"1*! UG/IG AD938 

.J4i>"i i jt»OZ "iG 'I- G MAB8»0 413933 0~'.'55'00 .5550S2B -P AA 12 24 JZ9 Ceooer 
•ilG l̂ 07'"'5509 Pet'. l̂O AM AA 24 NA G2& CoDDer o.6<X<OwEft.'i MG,r6 MAB643 

'.' h 
tl If |l 1 •' IK-t-l (1 *I?M , ~055'.'̂  1^5509 i'.i AM AA 12 24 6Z& Coocer MG' t  G MABS*4 

4i«0<2 '.'"C550Z 1955uC9 Ad AA 0 o Il3 =CB - Arocior 1242 0.ZZ5000E+08 UG/KG AD825 
J!-'!~~ '.•~0545t .385i03v Ah An 0 6 17 PCB - A'ocic'1 1:4: l" .37* ' ' ii.-""*! »•- 1 G ' t G hD52b 

41-ivZ" •.'"0:-:; i'85l030 AH Ar S IZ P PCB - AroLior 1242 ), iZl^j'-'E-f't uG/^  G riD827 
••* i ** !1Z~ ~'~"'5^5i Iv35i03-.' -M ̂  12 Z4 t  7 &J? - •frock' lZ*_ 1 1 l4"E""'E+(.'4 iJ5-> G AD823 
-!-'.'-/ . <":^5e i;851"3«.' Ar AA 14 NA \1 PCt - Arocior 1242 .1. i .'.Ov.'E'*1.11^ UG. (6 •i['8Z9 

A!li ' |W. 1 ,1 IK'*.! '* 
1 -705-55 l-"85i'.':-  A- 5 Zu K C"  ̂  - I'OCior .'.6.2 ' ' , UG • r ~: AySjv *!•»'. Zl 

41-k'Zi ,j"(i=j55 i5E510I9 AM ttA Zy 30 h9 c.r& - Arocic-r :Z42 "•i3t'j"E+'.-5 L'C r  G AD631 
41--O.' ~i cr,i"i"< I ** 85 102' ^M -ii- t 1Z Ik- f-'CB Hiror'iOr :Z4Z 'I.lid'X" 't*1 ' 7 ik ' r G ADS 32 
41-i.'Zu 0"1"'55vj I'Ki-^ Art AH IZ 24 PCt - Arocior 1254 l.i.^4r_ii.njij£*i.i4 •Jcj/f'G AD833 

: 
M t4UuI>.> rpi'j-iS1 • l3 :̂'!1.)!'' W hi- 12 24 rCs - Aroc to1' 1Z4Z Z j'A".1' 'E*'"' j uG ' t- G AD633 

14140Z1. 1 i~"550 j I?85lo2v «M fA Z* NA 110 PCB - nrocior 1242 II.40600i.rt''".i6 JG/KG AD634 
4i4'.'17 0~i!5459 F651029 H.1 ir 1.' 6 Jll U'l̂ M - Aroclor 1142 1 1 1 1 Ul II Ii if-f'"]" (J'3/f G AJJ835 
414-'Z: '''"i.'ĵ 't t985iv29 AM ^K NA Nrt PLB - Arocior 12*2 1 1 .yi'i '.">.'£•""* uG'f "3 HD536 

|414UP • i70545? i^jE5iu2^ AM HA NA NA Jll PCB - Arocior 1242 I.I, 13500i.'E*.'t UG/KG AD837 
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41*.il7 vt'f. JT- ivKC'l'.'-v Ah A« il' I* J:i PC& nroci-'f 1241 '.•. 11 jiX".'E+'.i!5 L'&.-'kt

414̂ 15 0705506 19851030 AM AA 12 24 PCS Arocior 125* 0.480000E+03 U6/KG AD935

414005 0705506 19651030 AM AA 12 24 PCB Arocior 1242 0.10i.'OOOt-K>4 UG/KG AD939

4140')5 0705506 19851030 AM AA 12 24 PCB Arocior 1254 0.740000E+03 UG/KG AD940

414005 0705506 19851030 AM AA 12 24 PCB Arocior 1242 0.300000E+04 US/KB AD940

4140i)5 07055)6 19851030 AM AA 6 12 PCB Arocior 1254 0.750000E+04 US/KB AD941

414005 0705506 19851030 AM AA 6 12 PCB Arocior 1242 0.150000E+05 UG/KG AD941

414005 0705506 19851030 AM AA 0 6 PCPCB - Arocior 1254 0.440000E+06 U6/KG AD942


S - Arocior 1242 0.120000En>7 UG/KG AD942
414005 07t)5506 19651030 AM AA 0 6 PCPCB

414012 0705502 19651030 AM AA 12 24 PCBPCB - Arocior 1254 O.B70000E+04 UG/KG AD943

414012 0705502 19851030 AM AA 12 24 PCBPCB - Arocior 1242 0.130000E+05 UG/KG AD943

414005 0705506 19850529 AM AA 12 24 Ki6 CODI 0.900000E+01 M6/K6 MAB855

414012 0705502 19850904 AM AA 12 24 113 Copi 0.150000E+02 MB/KB MAB85S

414017 0705459 19850916 AM AA 24 NA Jil Cop! 0.700000E+01 M6/K6 MAB660

41402*) 0705503 19850917 AM AA 24 NA 110 CODI 0.800000E+01 KG/KB MAB865

414027 0705456 19850916 AM AA24NA ̂  Copt 0.700000E+01 MB/KG MAB870
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UNITED STATES COAST GUARD SAMPLING PROGRAM: 1982

UPPER ACUSHNET RIVER ESTUARY


HOT SPOT AREA

SUMMARY OF AROCHLOR DATA


SAMPLE NO. DEPTH (INCHES) PCBs (PPM) 

1 0-12 1,670 
2 0-6.5 310 
3 0-6.5 1,860 
4 0-6.5 1,230 
5 0-13 329 
6 0-6.5 610 
7 0-6.5 3,336 
8 0-6.5 7,650 
9 0-6.5 27,535 
10 0-9.5 9,923 
11 0-13 516 
12 0-7.5 336 
13 0-12 821 
14 0-12.5 .445 
15 0-6.5 775 
16 0-12 71 
17 0-11.5 2,386 
18 0-11 787 
19 0-6.5 1,100 
20 0-11 543 
21 0-9 770 
22 0-12 1,139 
23 11.5 440 
24 0-6.5 775 
25 0-6.5 3,215 
26 0-12 3,160 
27 0-6.5 34,240 
29 0-6.5 1,280 
30 0-6.5 1,205 
31 0-10 1,587 
32 0-10 3,230 
33 0-12 1,733 
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UNITED STATED COAST GUARD SAMPLING PROGRAM: 1982

LOWER ACUSHNET RIVER ESTUARY


PILOT STUDY AREA

SUMMARY OF AROCHLOR DATA


SAMPLE NO. DEPTH (INCHES) PCBs fPPMl


1 0-8 127

2 0-11 185

3 0-9.5 165

4 0-4 47.5

5 0-6.5 82.5

6 0-9 30

7 0-6.5 45

8 0-9 198

9 0-9 168

10 0-8 70


*


*
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*AD5»6 

SAMPLE *AD598 WETLANDS AREA SAMPLE #9962A 
SAMPLE #AD562* SAMPLE 

9 

#AD559 0 SAMPLE #6 
SAMPLE #A0589 -SAMPLE 

SAMPLE 
® #9950A SAMPLE #9953A 

#AD565 SAMPLE 

SAMPLE 
9#9941A SAMPLE 

8#9947A 

#AD570 SAMPLE 
#13883, 

13814 

SAMPLE *»92SA 
SAMPLE 

^SAMPLE #9902A SAMPLE #9876A SAMPLE #9840A 
SAMPLE #5 • 

SAMPLE *9778A 

SAMPLE ® 
* 176S 

AMPLE # 

CAMPLE #1723 
^SAMPLE #1727 

A SAMPLE #1725 SAMPLE #9877A 
SAMPLE #8. 6SAMPLE #9907A 

SAMPLE #9848A 
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13670 
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#AC307 

O 

SAMPLE #9B69A SAMLE #AC31« 

SAMPLE #9922A 

« 
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#98S9A 

9SAMPLE 

FOR SAMPLE DENTFICATION 
NUMBERS SEE DETAIL 'A' 
FIGURE A-1A 

SAMPLE #1 

10 11 , 12 i 13 i 14 i 15 . 16 i JL i 18 i 19 , 20 i 21 . 22 i 23 i 24 i 25 , 26 i 27 i 28 , 29 , 30 , 31 , 32 | 33 , 34  i t 35 t 

LEGEND 

O BATTELLE HOT SPOT SAMPLING - GROUP 1 

•

O

A

 USAGE SAMPLES  GROUP 2 

 USAGE SAMPLES - GROUP 3 

 USAGE HOT SPOT SAMPLES 

FIGURE A-1 
PCB SEDIMENT SAMPLING LOCATIONS 

• COAST GUARD DEPTH: ZERO TO 12 INCHES 
ft HOT SPOT FEASIBILITY STUDY 

•1200 FEET NEW BEDFORD HARBOR 



SAMPLE SAMPLE #AO594 
~® #AO585 

SAMPLE #A0593 

WETLANDS AREA 

SAMPLE #99654 \MPLE #AD567 

/SAMPLE #AO582 

SAMPLE #9956A 

SAMPLE # 
13851, 13852 SAMPLE #29 

SAMPLE 
#9949A 

SAMPLE #23 

SAMPLE 
SAMPLE #1761 *2? 
SAMPLE #12 V * 

SAMPLE #1763 

SAMPLE 
E #19 SAMPLE #13856 

O 
SAMPLE #1747 
SAMPLE #9938A 
SAMPLE #1745 

SAMPLE 

SAMPLE #AD579 

•SAMPLE #1713 
#9930A,9932A 

r SAMPLE #1683 
SAMPLE #13 I- SAMPLE #1679 
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#9934A <g> SAMPLE #1757 
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#0047A W 

SAMPLE #14 i SAMPLE # 1731 ^SAMPLE #33 

SAMPLE. 
#15 • SAMPLE #1729 

^SAMPLE #32 
W SAMPLE 

#1721 
SAMPLE 
#1677 
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A**1695 AMPLE 
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A #1689 
#1697 

SAMPLE ^SAMPLE #1691 
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SAMPLE /S^ SAMPL^ 

#1669 
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#0042A 
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#1659 

SAMPLE #13859
SAMPLE #1685 
SAMPLE #1711 
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SAMPLE #1693 
SAMPLE #1737 

LEGEND 

• COAST GUARD FIGURE A-1A 
O BATTELLE HOT SPOT SAMPLING - GROUP 1 DETAIL "A" 
$ USAGE SAMPLES - GROUP 2 PCB SEDIMENT SAMPLING LOCATIONS 
Q USAGE SAMPLES - GROUP 3 DEPTH: ZERO TO 12 INCHES 
A USAGE HOT SPOT SAMPLES HOT SPOT FEASIBILITY STUDY 

NEW BEDFORD HARBOR 
1400 
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SAMPLE #00558 
SAMPLE #1720 
-SAMPLE #1716 

SAMPLE #16*6 
• SAMPLE #1*78 

SAMPLE *AD5*4 
• SAMPLE #13*64 

WETLANDS AREA 

SAMPLE #1756 

#99498 8AMPLE#13653 

SAMPLE #1762 SAMPLE SAMPLE #99548 
SAMPLE SAMPLE #1760 #1744 
#AD569 SAMPLE #1764A A 

SAMPLE #M34A SAMPLE #1668 SAMPLE SAMPLE<M3855 
SAMPLE #1730 SAMPLE #1724 

SAMPLE # 9925B 
®SAMPLE #M01B SAMPLE #977689 

* #1728 
SAMPLE #1758 A SAMPLE #1664 ^ SAMPLE #98778 SAMPLE #986 SAMPLE #1388* 
SAMPLE #1732 0 

SAMPLE #00520 SAMPLE #166* #13871 
SAMPLE #00308 

SAMPLE #1750 SAMPLE #*91*K® 
SAMPLE #1734 
SAMPLE #1748 
SAMPLE #9938A 
SAMPLE #1736 SAMPLE #1662 
SAMPLE #1740 SAMPLE #1726 
SAMPLE #1738 SAMPLE #1656 SAMPLE #9912A 
SAMPLE #1742 SAMPLE #1668 
SAMPLE #1714 SAMPLE #1672 SAMPLE #99108 

SAMPLE #9927A SAMPLE #1696 
SAMPLE #1716 SAMPLE #1670 
SAMPLE #1684 SAMPLE #1660 
SAMPLE #1662 SAMPLE #00428 
SAMPLE #1710 
SAMPLE #13860 
SAMPLE #1712 
SAMPLE #1676 
SAMPLE #1674 
SAMPLE #1692 
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LEGEND 

USAGE SAMPLES - GROUP 2 

USAGE SAMPLES - GROUP 3 

USAGE HOT SPOT SAMPLES FIGURE A-2 
PCB SEDIMENT SAMPLING LOCATIONS 

DEPTH: 12 TO 24 INCHES 
HOT SPOT FEASIBILITY STUDY 

11200 FEET NEW BEDFORD HARBOR 
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WETLANDS AREA 

SAMPLE* 

~S <

SAMPLE 013854 

SAMPLE#3307A 8SAMPLE #9938B
SAMPLE #13865 

Q 
SAMPLE #AD566 

SAMPLE #99258 
SAMPLE #00526'\ ^SAMPLE #3309

&

 / SAMPLE #13861 x

 O ® SAMPLE #99300 

 SAMPLE #9902C 
SAMPLE #97M ® SAMPLE #13.75 SAMPLE #98408 

SAMPLE #9*4*C 
OSAMPLE #AC330 V SAMPLE #99288 

SAMPLE #AC333 
O 

SAMPLE #9877C SAMPLE ****»Qa

#AC310 * SAMPLE #AC3200 

 SAMPLE #99070 SAMPLE #98560 

SAMPLE #9914C SAMPLE *M1IB SAMPLE #M2» 

SAMPLE #00300 SAMPLE #13882 

SAMPLE i'9912B 

SAMPLE #9910C 

1 , 2 i 3 , 4 , 5 , 8 . 7  , 6 , 9 , 10 , 11 i 12 , 13 , 14 i 15 t 1« i 17 i 16 i 19 i 20 , 21 , 22 . 23 i 24 , 25 , 26 L 27 , 28 | 29 , 30 , 31 i 32 i 33 | 34 | 35_| 

LEGEND 

O BATTELLE HOT SPOT SAMPUNQ - GROUP 1 

S> USAGE SAMPLES - GROUP 2 FIGURE A-3 
O USAGE SAMPLES • GROUP 3 PCB SEDIMENT SAMPLING LOCATIONS 
A USAGE HOT SPOT SAMPLES DEPTH: 24 TO 36 INCHES 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR 



APPENDIX B


ARARS SUMMARY TABLES




ALTERNATIVE HS-1 ARAR EVALUATION 
NO ACTION 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

CHEMICAL-SPECIFIC ARARS 

MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Surface Water 

Federal Federal Food, Drug, and Applicable This act sets forth FDA limits of 2 ppm 
Regulatory Cosmetic Act for PCB concentrations in commercial 
Requirements fish and shellfish. 

State Regulatory DEQE  Massachusetts Applicable DEQE surface water quality standards 
Requirement Surface hater Quality incorporate the federal AWQC as 

Standards (310 CMR A.00) standards for the surface water of 
the state. 

Federal Criteria Federal Ambient Applicable Federal AWQC are health-based criteria 
Advisories and Water Quality Criteria that have been developed for 95 
Guidance (FCAG) carcinogenic and noncarcinogenic 

compounds. 

LOCATION-SPECIFIC ARARS 

MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Wetlands/Floodplains 
-NONE

CORRESPONDING REMEDIAL ACTION(S)


The no-action alternative would not contribute

to the reduction of PCB concentrations in fish and

shellfish to below the 2 ppm FDA limit.


The no-action alternative would not meet the

following water quality criteria:

PCBs - 10 ppb (acute effects on aquatic life)


- .03 ppb (chronic effects on aquatic life)

Cadmium - A3 ppb (acute effects)


9.9 ppb (chronic effects)

Copper - 2.9 ppb (acute effects)


2.9 ppb (chronic effects)

Lead - 140 ppb (acute effects)


5.6 ppb (chronic effects)


AWQC are incorporated into mass DEQE standards

as discussed above. The PCB criterion is based

on the old 5 ppm FDA standard. Clean-up targets

may be modified to reflect current guidance

levels which are lower.


CORRESPONDING REMEDIAL ACTION(S)


4.89.99T

0001.0.0 



I
ABLE B-l (continued;

ACTION-SPECIFIC ARARS


AUTHORITY R£QUIRE:;ENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

Federal Regulatory OSHA  General Industry Applicable This regulation specifies the 8-hour, Proper respiratory equipment will be worn by site 
Requirements (FRR) Standards (29 CFR 1910) time-weighted average concentration for workers during fence installation if it is not 

various organic compounds. possible to maintain the work atmosphere below 
these concentrations. 

FRR OSHA  Safety and Health Applicable This regulation specifies the type of All appropriate safety equipment will be on-site 
Standards (29 CFR 1926) safety equipment and procedures to be and procedures will be followed during any site 

followed during fence installation. activities. 

FRR OSHA  Recordkeeping, Applicable This regulation outlines the recordkeep- These regulations are applicable to the company 
Reporting, and Related ing and reporting requirements for an contracted to install the site fence. 
Regulations (29 CFR 1904) employer under OSHA. 

State Regulatory DEQE  Massachusetts Applicable These regulations provide the framework During remedial design, these regulations will 
Requirements (SRR) Contingency Plan (310 for the Commonwealth of Massachusetts to be compared to the corresponding federal CERCLA 

CMR 40.000) regulate hazardous waste activities in regulations, and the more stringent requirements 
the state. will be applicable. 

SRR DPW  Hazardous Substance Applicable These regulations detail the informational The requirements of this regulation will be 
Right-to-Know (105 CMR 67) requirements for hazardous substances attained during institutional control 

used by the Massachusetts Dept. of Public implementation. 
Works. 

SRR DOL - Hazardous Substance Applicable These regulations detail the informational The requirements of this regulation will be 
Right-to-Know (44l CMR 21) requirements for hazardous substances used attained during institutional control imple

by the Massachusetts Dept. of Labor. mentation. 

SRR DEQE  Hazardous Substance Applicable These regulations outline the informa- The requirements of this regulation will be 
Right-to-Know (310 CMR 33) tional requirements for hazardous sub- attained during long-term environmental 

stances that may affect workers as- monitoring. 
sociated with the Department of 
Environmental Quality Engineering. 

4.89.99T

0002.0.0




ALTERNATIVE HS-2 ARAR EVALUATION 
DREDGING AND ON-SITE INCINERATION OF PCB-CONTAMINATED SEDIEMNT 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

CHEMICAL-SPECIFIC ARARS 

MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

Surface-Water 

Federal Federal Food, Drug, and Applicable This act sets forth FDA limits of The removal and treatment of the Hot Spot is 
Regulatory Cosmetic Act 2 ppm for PCB concentrations in expected to contribute to the reduction of PCB 
Requirements commercial fish and shell fish. concentrations in fish and shellfish to below 

the 2 ppm FDA limit. However, Hot Spot 
removal is not expected to achieve this level. 

State Regulatory DEQE  Massachusetts Applicable DEQE Surface Water Quality Standards The dredging activities are not expected to meet 
Requirements Surface Water Quality incorporate the federal AWQC as the chronic AWQCs for PCBs because the current 

Standards (310 CMR 4.00) standards for the state surface water. water column exceeds this value. Dredging will 
be implemented to minimize sediment resuspension 
and subsequent PCB mobility. 

Federal Criteria, Federal Ambient-Water Applicable Federal AWQC are health-based criteria AWQCs are incorporated into mass DEQE standards 
Advisories, and Quality Criteria (AWQC) that have been developed for 95 as outlined above. The PCB criterion is based on 
Guidance (FCAG) carcinogenic and noncarcinogenic the old 5 ppm FDA standard. Clean-up targets may 

compounds. be modified to reflect current guidance levels 
which are lower. 

Air 

Federal Regulatory CAA - National Air Quality Relevant and These standards were primarily developed Incinerator emissions will be controlled by Best 
Requirements Standards (NAQS) (40 CFR Appropriate to regulate stack and automobile Available Control Technology such that the 

40) emissions. regulations are met. In addition, fugitive dust 
on haul roads and work area will be controlled 
by water sprays or other dust suppressants. 

State Regulatory DEQE  Air Quality, Air Relevant and These standards were primarily developed Incinerator emissions will be controlled by Best 
Requirements Pollution (310 CMR 6.00  Appropriate to regulate stack and automobile Available Control Technology such that the 

8.00) emissions. regulations are met. In addition, fugitive dust 
on haul roads and work areas will be controlled 
by water sprays or other dust suppressants. 

Federal Criteria, Threshold Limit Value To be These standards were issued as consensus TLVs could be used for assessing s'ite evaluation 
Advisories, and (TLVs) Considered standards for controlling air quality in risks for incineration activities. 
Guidance work place environments. 

4.89.99T

0003.0.0




LOCATION-SPECIFIC ARARS 

MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

Wetlands/Floodplains 

Federal Regulatory Clean Water Act (CWA) Applicable Under this requirement, no activity that Dredging and incineration of Hot Spot 
Requirements 40 CFR Part 230 adversely affects a wetland shall be sediment is not expected to significantly 

permitted if a practicable alternative affect any of the wetlands adjacent to the Hot 
that has less effect is available. Spot area. 

RCRA Location Standards Relevant and This regulation outlines the requirements The incinerator and associated equipment will be 
(40 CFR 264.18) Appropriate for constructing a RCRA facility on a 100- located outside of the 100-year floodplain of 

year floodplain. Ascushnet River Estuary. 

State Regulatory DEQE  Wetlands Protection Applicable These regulations are promulgated under Dredging and incineration of Hot Spot 
Requirements (310 CMR 10.00) Wetlands Protection Laws, which regulate sediment is not expected to occur within 100 

dredging, filling, altering, or polluting feet of a wetland or to significantly affect 
inland wetlands. Work within 100 feet of the adjacent wetland area. 
a wetland is regulated under this require
ment. The requirement also defines 
wetlands based on vegetation type and 
requires that effects on wetlands be 
mitigated. 

Federal Nonregulatory Wetlands Executive Order Applicable Under this regulation, federal agencies Dredging and incineration of Hot Spot 
Requirements to be (EO 11990) are required to minimize the destruction, sediment is expected to have a minimal effect on 
Considered loss, or degradation of wetlands, and adjacent wetlands. 

preserve and enhance natural and 
beneficial values of wetlands. 

Floodplains Executive Applicable Federal agencies are required to reduce Dredging of sediment from the Hot Spot is 
Order (LJ 11988) the risk of flood loss, to minimize expected to have minimal impact on the flood-

impact of floods, and to restore and plain of the Acushnet River. 
preserve the natural and beneficial 
value of floodplains. 

4.89.99T

0004.0.0




REQUIREMENT STATUS


Federal Regulatory RCRA - General Facility Relevant and

Requirements (FRR) Standards (40 CFR 264.10 Appropriate


264.18)


RCRA - Preparedness and Relevant and

Prevention (40 CFR Appropriate

264.30 - 264.37)


RCRA - Contingency Plan Relevant and

and Emergency Procedures Appropriate

(40 CFR 264.50 - 264.56)


RCRA - Releases from Relevant and

Hazardous Waste Management Appropriate

Units (40 CFR 264.90 -

264.109)


RCRA - Closure and Post- Relevant and

closure (40 CFR 264.110 - Appropriate

264.120)


RCRA - Incinerators (40 Applicable

CFR 264.340 - 264.599)


RCRA - Waste Piles Relevant and

(40 CFR 264.250 - Appropriate

264.269)


4.89.99T

0005.0.0
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IABLE B-r icontinffeaj


ACTION-SPECIFIC ARARS


REQUIREMENT SYNOPSIS


General facility requirements outlining

general waste analysis, security

measures, inspections, training, and

location standards.


This regulation outlines requirements for

safety equipment and spill control.


Every hazardous waste facility must have

a contingency plan that is implemented

immediately upon fire, explosion, or

release of harmful hazardous waste

constituents.


This regulation details the requirements

for a groundwater monitoring program to

to be installed on-site.


This regulation details the specific

requirements for closure and post-closure

of hazardous waste facilities.


This regulation specifies the performance

.standards, operating requirements,

monitoring, inspection, and closure

guidelines of any incinerator burning

hazardous waste.


 Details procedures, operating require

 ments,'and closure and post-closure


options for waste piles. If removal or

decontamination of all contaminated soil

is not possible, closure and post-closure

requirements for landfills must be

attained.


CORRESPONDING REMEDIAL ACTION(S)


Facility will be constructed, fenced, and

operated in accordance with this requirement.

All workers will be properly trained. A

written waste analysis plan must be developed

and maintained on-site. Site entry must be

prevented by a 24-hour surveillance system and

appropriate signs posted. A written inspection

program must be developed, and all personnel

must complete an on-the-job training program

to ensure facility compliance.


Safety and communication equipment will be

installed on-site; local authorities will

be familiarized with the site.


Plans will be developed during remedial design.

Copies of the plans will be kept on-site.


A groundwater monitoring program will be designed,

installed, and operated to assess groundwater

contamination.


Incinerated sediment, if deemed hazardous, will

be solidified prior to on-site disposal. A

30-year post-closure program must include ground

water monitoring. A notation on the deed to the

property must be recorded that will notify any

potential purchaser that the land has been used

to manage hazardous waste. An impermeable cap

will be constructed on top of the CDF disposal

area.


At closure, all wastes, residues, ash, and

effluents will be placed in an on-site disposal

area.


According to RCRA, waste piles used.for treatment

or storage of non-containerized accumulation of

solid, non-flowing hazardous waste may comply

with either the waste pile or landfill

requirements. The solidification of the

incinerator ash on-site, therefore, may need to

comply with either subpart.




ACTION-SPECIFIC ARARS 

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

FRR TSCA  Storage and Disposal Applicable These regulations specify the disposal/ The requirements of this regulation will be 
(AO CFR 761.60  761.79) destruction requirements of PCB materials attained during remedial action. Test burns 

in excess of 50 ppm. Dredged materials will be required to maximize PCB destruction 
with PCB concentrations greater than efficiencies. 
50 ppm may be disposed by alternative 
methods which are protective of human 
health and the environment, if shown that 
incineration or disposal in a chemical 
landfill is not reasonable or appropriate. 

FRR OSHA  General Industry Applicable These regulations specify the 8-hour, Proper respiratory equipment will be worn if it 
Standards (29 CFR Part time-weighted average concentrations for is impossible to maintain the work atmosphere 
1910) various organic compounds. Training below the concentrations. Workers performing 

requirements for workers at hazardous remedial activities would be required to have 
waste operations are specified in 29 completed specified training requirements. 
CFR 1910.120. 

FRR OSHA  Safety and Health Applicable This document contains instructions All appropriate safety equipment will be on-site, 
Standards for Federal 
Service Contracts 

concerning worker safety at RCRA or 
Superfund hazardous waste facilities. 

and appropriate procedures will be followed 
during remediation. 

(29 CFR 1926) • 

FRR OSHA  Recordkeeping, Applicable This regulation outlines OSHA recordkeep- This regulation will be applicable to the con-
Reporting, and Related ing and reporting regulations for an struction company(s) contracted to set up the 
Regulations (29 CFR 190A) employer. facility and perform the decontamination process 

on-site. 

FRR Protection of Archaeological Relevant and These regulations develop procedures If archaeological resources are encountered 
Resources (32 CFR Part 229, Appropriate for the protection of archaeological during sediment dredging, work will stop until 
229.A) resources. the area has been reviewed by federal and state 

archaeologists. 

FRR CWA - AO CFR, R5 Applicable This regulation specifies that a best A BMP will be developed and will include 
management program (BMP) be developed to sedimentation control around the excavation 
minimize pollutants release from the areas, and fugitive dust control. 
facility. 

FRR CWA  Permits for Dredged Applicable This regulation states that no alternative Dredging of Hot Spot sediment will be 
and Fill Material (Section that impacts a wetland shall be permitted conducted to minimize impacts to the estuary 
AOA) if there is a practicable alternative and adjacent wetland areas. Effluent levels 

that has less impact on the wetland. If will be used as a guidance level that will 
there is no practicable alternative, be considered during the implementation of 
impacts must be mitigated. Section 307, this alternative. 
effluent standards of 1 ppb concentration 
of PCB, is incorporated by reference. 
Standards are to be considered for 
performance levels. 
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ACTION-SPECIFIC ARARS 

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

FRR DOT Rules for Transportation Applicable This regulation outlines procedures for PCB-contaminated sediment exists. If 
of Hazardous Materials (49 packaging, labelling, manifesting, encountered during decontamination of heavy 
CFR Par's 107, 171.1  and transporting hazardous materials. equipment and personal protective gear, these 
172.558) materials shall be packaged, manifested, and 

transported to a licensed off-site disposal 
facility. Waste must have registration number 
with the letters "DOT." 

State Regulatory DEQE  Hazardous Waste Relevant and These regulations specify the During remedial design, these regulations will 
Requirements (SRR) Phases I and II (310 CMR Appropriate Massachusetts requirements for closure be compared to the corresponding federal RCRA 

30.00) and post-closure of hazardous waste regulations, and the more stringent requirements 
facilities. will be relevant. 

SRR DEQE  Massachusetts Applicable These regulations outline the Commonwealth During remedial design, these regulations will 
Contingency Plan of Massachusetts' procedures for be compared to the corresponding CERCLA 
(310 CMR 40.000) regulating hazardous waste activities. regulations, and the more stringent requirements 

will be applicable. 

SRR DPW - Hazardous Substance Applicable These regulations detail the informational The requirements of this regulation will be 
Right-to-Know Cl05 CMR 67) requirements for hazardous substances attained during alternative implementation. 

used by the Massachusetts Dept. of Public 
Works. 

SRR DOL - Hazardous Substance Applicable These regulations detail the informational The requirements of this regulation will be 
Right-to-Know (441 CMR 21) requirements for hazardous substances used attained during alternative implementation. 

by the Massachusetts Dept. of Labor. 

SRR DEQE  Hazardous Substance Applicable These regulations outline the inform- The requirements of this regulation will be 
Right-to-Know (310 CMR 33) ational requirements for hazardous sub- attained during alternative implementation. 

stances that may affect workers associated 
with the Department of Environmental 
Quality. 
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TABL B-3 

ALTERNATIVE HS-3 ARAR EVALUATION 
DREDGING, SOLIDIFICATION, AND OFF-SITE DISPOSAL 

PCB-CONTAMINATED SEDIMENT 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

CHEMICAL-SPECIFIC ARARS 

MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

Surface Water 

Federal Federal Food, Drug, and Applicable This act sets forth FDA limits of The removal and treatment of the Hot Spot is 
Regulatory Cosmetic Act 2 ppm for PCB concentrations in expected to contribute to the reduction of PCB 
Requirement commercial fish and shellfish. concentrations in fish and shellfish to below 

the 2 ppm FDA limit. However, Hot Spot 
removal is not expected to achieve this level. 

State Regulatory DEQE  Massachusetts Applicable DEQE Surface Water Quality Standards Dredging activities are not expected to meet 
Requirements Surface Water Quality incorporate the federal AWQC as the chronic AWQLs for PCBs because the current 

Standards (310 CMR 4.00) standards for state surface water. water column exceeds this value. Dredging will 
be implemented to minimize sediment resuspension 
and subsequent PCB mobility. 

Federal Criteria, Federal Ambient Water Applicable Federal AWQC are health-based criteria AWQCs are incorporated into Mass. DEQE standards 
Advisories, and Quality Criteria (AWQC) that have been developed for 95 as outlined above. The PCB criterion is based on 
Guidance (FCAG) carcinogenic and noncarcinogenic the old 5 ppm FDA standard. Clean-up targets may 

compounds. be modified to reflect current guidance levels 
which are lower. • 

Air 

Federal Regulatory CAA - National Air Quality Relevant and These standards were primarily developed Fugitive dust from the solidification process, 
Requirements Standards (NAQS) (40 CFR Appropriate to regulate stack and automobile haul roads, work areas, and stockpiles will be 

40) emissions. controlled by water sprays or other dust 
suppressants. 

State Regulatory DEQE  Air Quality, Air Relevant and These standards were primarily developed Fugitive dust from the solidification process, 
Requirements Pollution (310 CMR 6.00  Appropriate to regulate stack and automobile haul roads, work areas, and stockpiles will be 

8.00) emissions. controlled by water sprays or other dust 
suppressants. 

FCAG Threshold Limit Value To be These standards were issued as consensus TLVs could be used for assessing site evaluation, 
(TLV) Considered standards for controlling air quality in risks for the solidification activities. 

work place environments. 
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LOCATION-SPECIFIC ARARS 

MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

Wetlands/Floodplains 

Federal Regulatory Clean Water Act (CWA) Applicable Under this requirement, no activity that Dredging and solidification of Hot Spot 
Requirements (AO CFR Part 230) adversely affects a wetland shall be sediment is not expected to significantly 

permitted if a practicable alternative affect any of the wetlands adjacent to the Hot 
that has less effect is available. Spot area. 

RCRA Location Standards Relevant and This regulation outlines the requirements Solidification and associated equipment will 
(AO CFR 26A.18) Appropriate for constructing a RCRA facility on a 100- be located outside of the 100-year floodplain of 

year floodplain. Ascushnet River Estuary. 

State Regulatory DEQE  Wetlands Protection Applicable These regulations are promulgated under Dredging and solidification of Hot Spot 
Requirements (310 CMR 10.00) Wetlands Protection Laws, which regulate sediment is not expected to occur within 100 

dredging, filling, altering, or polluting feet of a wetland or to significantly affect 
inland wetlands. Work within 100 feet of the adjacent wetland area. 
a wetland is regulated under this require
ment. The requirement also defines 
wetlands based on vegetation type and 
requires that effects on wetlands be 
mitigated. 

Federal Nonregulatory Wetlands Executive Order Applicable Under this regulation, federal agencies Dredging and solidification of Hot Spot 
Requirements to be (EO 11990) are required to minimize the destruction, sediment is expected to have a minimal effect on 
Considered loss, or degradation of wetlands, and adjacent wetlands. 

preserve and enhance natural and 
beneficial values of wetlands. 

Floodplains Executive ' Applicable Federal agencies are required to reduce Dredging of sediment from the Hot Spot is 
Order (EO 11988) the risk of flood loss, to minimize expected to have minimal impact on the flood-

impact of floods, and to restore and plain of the Acushnet River. 
preserve the natural and beneficial 
value of floodplains. 

A.89.99T

0009.0.0




lv -~ itinl 

ACTION-SPECIFIC ARARS 

REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

Federal Regulatory RCRA - General Facility Relevant and General facility requirements outlining Facility will be constructed, fenced, and 
Requirements (FRR) Standards (AO CFR 264.10 Appropriate general waste analysis, security measures, operated in accordance with this requirement. 

A.18) inspections, training, and location All workers will he properly trained. A 
standards. written waste analysis plan must be developed 

and maintained on-site. Site entry must be 
prevented by a 24-hour surveillance system 
and appropriate signs posted. A written 
inspection program must be developed, and all 
personnel must complete an on-tbe-job training 
program to ensure facility compliance. 

RCRA - Preparedness and Relevant and This regulation outlines requirements for Safety and communication equipment will be 
Prevention (40 CFR Appropriate safety equipment and spill control. installed on-site; local authorities will 
4.30  264.37) be familiarized with the site. 

RCRA  Contingency Plan Relevant and Every hazardous waste facility must have Plans will be developed and implemented during 
and Emergency Procedures Appropriate a contingency plan that is implemented remedial design. Copies of the plans will be 
(40 CFR 264.50  264.56) immediately upon fire, explosion, or kept on-site. 

release of harmful hazardous waste con
stituents. 

RCRA  Releases from Relevant and This regulation details the requirements A groundwater monitoring program will be designed, 
Hazardous Waste Management Appropriate for a groundwater monitoring program to installed, and operated to assess groundwater 
Units (40 CFR 264.90  be installed on-site. contamination. 
264.109) 

RCRA  Closure and Post- Relevant and This regulation details the specific The solidified sediments will be contained by 
closure (40 CFR Appropriate requirements for closure and post-closure placing a cap over the CDF. Sediment will 
264.110 -264.120) of hazardous waste facilities. be dewatered and wastes stabilized. A 30-year 

post-closure program must include groundwater 
monitoring. A notation on the deed to the 
property must be recorded that will notify 
any potential purchaser that the land has 
been used to manage hazardous waste. 

RCRA  Waste Piles Relevant and Details procedures, operating require- According to RCRA, waste piles used for treatment 
(40 CFR 268) Appropriate ments, and closure and post-closure or storage of non-containerized accumulation of 

.options for waste piles. If removal or solid, non-flowing hazardous waste, may comply 
decontamination of all contaminated with either the waste pile or landfill require-
subsoils is not possible, closure and ments . 
post-closure requirements for landfills 
must be attained. 
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ACTION-SPECIFIC ARARS 

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

FRR RCRA  Landfills (40 Applicable These regulations detail design, operat- If an on-site landfill is constructed, two liners 
CFR 264.300  364.339) ing, monitoring, inspection survey, must be installed to prevent groundwater 

recordkeeping, and closure and post- contamination. A leachate collection system must 
closure requirements. be placed above and between the liner systems. 

Monitoring inspections, surveying, and record-
keeping must be conducted in compliance with these 
requirements. This alternative will not comply 
with the RCRA landfill requirements. 

FRR TSCA  Storage and Disposal 
(40 CFR 761.60  761.79) 

Applicable These regulations specify the disposal/ 
destruction requirements of PCB materials 
in excess of 50 ppro. Dredged materials 

Solidification is considered an alternative method 
under TSCA. Bench-scale and treatability testing 
will be required to demonstrate that solidifi

with PCB concentrations greater than 50 cation achieves a level of performance adequate 
ppm may be disposed by alternative methods for off-site disposal. The solidified material 
which are protective of human health and will be disposed in a TSCA/RCRA landfill. 
the environment, if shown that incineration 
or disposal in a chemical waste landfill 
is not reasonable or appropriate. 

FRR OSHA  General Industry Applicable These regulations specify the 8-hour, Proper respiratory equipment will be worn if it 
Standards (29 CFR Part time-weighted average concentrations for is impossible to maintain the work atmosphere 
1910) various organic compounds. Training below the concentrations. Workers performing 

requirements for workers at hazardous remedial activities would be required to have 
waste operations are specified in completed specified training requirements. 
29 CFR 1910.120. 

FRR OSHA  Safety and Health Applicable This document contains instructions All appropriate safety equipment will be on-site, 
Standards for Federal concerning worker safety at RCRA or and appropriate procedures will be followed 
Service Contracts (29 Superfund hazardous waste facilities. during remediation. 
CFR 1926) 

FRR OSHA  Recordkeeping, Applicable This regulation outlines OSHA recordkeep- This regulation will be applicable to the 
Reporting, and Related ing and reporting regulations for an construction company(s) contracted to set up the 
Regulations (29 CFR 1904) employer. facility and perform the solidification process 

on-site. 

FRR Protection of Archaeological Relevant and These regulations develop procedures for If archaeological resources are encountered 
Resources (32 CFR Part 229, Appropriate the protection of archaeological during dredging, work will stop until the 
229.4) resources. area has been reviewed by federal and 

state archaeologists. 

FRR CWA  40 CFR, R5 Applicable This regulation specifies that a best A BMP will be developed and implemented during 
management program (BMP) be developed remedial action. 
to minimize pollutant release from the 
facility. 
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ABLE B-3 (continued; 

ACTION-SPECIFIC ARARS 

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

FRR CWA - Psrmits for Dredged Applicable This regulation states that no alterna
and Fill Material (Section tive that impacts a wetland shall be 
404) permitted if there is a practicable 

alternative that has less impact 
on the wetland. If there is no 
practicable alternative, impacts must 
be mitigated. Section 307, effluent 
standards of 1 ppb concentration of 
PCB, is incorporated by reference. 
Standards are to be considered for 
performance levels. 

FRR DOT Rules for Transporta- Applicable This regulation outlines procedures for 
tion of Hazardous Materials the packaging, labelling, manifesting, 
(49 CFR Parts 107, 171.1  and transporting of hazardous materials. 
172.558) 

State Regulatory 
Requirements (SRR) 

DEQE  Hazardous Waste 
Phases I and l< (310 

Relevant and
Appropriate

 These regulations specify the Commonwealth 
 of Massachusetts requirements for hazardous 

CMR 30.00) waste facilities. 

SRS DEQE  Massachusetts Applicable These regulations outline the Commonwealth 
Contingency Plan of Massachusetts procedures for 
(310 CMR 40.000) regulating hazardous waste activities. 

SRR DPW - Hazardous Substance Applicable These regulations detail the informational 
Right-to-Know (105 CMR 67) requirements for hazardous substances 

used by the Massachusetts Dept. of Public 
Works. 

SRR DOL - Hazardous Substance Applicable These regulations detail the informational 
Right-to-Know (441 CMR 21) requirements for hazardous substances used 

by the Massachusetts Dept. of Labor. 

SRR DEQE  Hazardous Substance Applicable These regulations outline the informa-
Right-to-Know (310 CMR 33) tional requirements for hazardous sub

stances that may affect workers associated 
with the Department of Environmental 
Quality. 

CORRESPONDING REMEDIAL ACTION(S)


Dredging of Hot Spot sediment will be

conducted to minimize impacts to the estuary

and adjacent wetland areas. Effluent levels

will be used as a guidance level that will be

considered during the implementation of this

alternative.


PCB-contaminated sediment will be solidified

on-site. This material shall be packaged,

manifested, and transported to a licensed off-

site disposal facility. Waste must have

registration number with the letters "DOT."


During remedial design, these regulations will

be compared to the corresponding federal RCRA

regulations, and the more stringent requirements

will be relevant.


During remedial design, these regulations will be

compared to the corresponding CERCLA regulations,

and the more stringent requirements will be

applicable.


The requirements of this regulation will be

attained during alternative implementation.


The requirements of this regulation will be

attained during alternative implementation.


The requirements of this regulation will be

attained during alternative implementation.
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ALTERNATIVE HS-4 ARAR EVALUATION 
DREDGING AND SOLVENT EXTRACTION OF PCB-CONTAMINATED SEDIEMNT 

HOT SPOT FEASIBILITY STUDY 
NEW BEDFORD HARBOR, MASSACHUSETTS 

CHEMICAL-SPECIFIC ARARS 

MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

Surface Water 

Federal Federal Food, Drug, and Applicable This act sets forth FDA limits of The removal and treatment of the Hot Spot is 
Regulatory Cosmetic Act 2 ppm for PCB concentrations in expected to contribute to the reduction of PCB 
Requirement commercial fish and shellfish. concentrations in fish and shellfish to below 

the 2 ppm FDA limit. However, Hot Spot 
removal is not expected to achieve this level. 

State Regulatory DEQE  Massachusetts Applicable DEQE Surface Water Quality Standards Dredging activities are not expected to meet 
Requirements Surface Water Quality incorporate the federal AWQC as the chronic AWQLs for PCBs because the current 

Standards (310 CMR A.00) standards for the state surface water. water column exceeds this value. Dredging will 
be implemented to minimize sediment resuspension 
and subsequent PCB mobility. 

Federal Criteria, Federal Ambient'Water Applicable Federal AWQC are health-based criteria AWQCs are incorporated into Mass. DEQE standards 
Advisories, and Quality Criteria (AWQC) that have been developed for 95 as outlined above. The PCB criterion is based on 
Guidance (FCAG) carcinogenic and noncarcinogenic the old 5 ppm FDA standard. Clean-up largest may 

compounds. be modified to reflect which are lower targets. 

Air 

Federal Regulatory CAA - National Air Quality Relevant and These standards were primarily developed Emissions from the solvent extraction unit will 
Requirements Standards (NAQS) (40 CFR Appropriate to regulate stack and automobile be controlled by Best Available Control 

40) emissions. Technology such that the regulations are met. 
In addition, fugitive dust on haul roads and 
work areas will be controlled by water sprays 
or other dust suppressants. 

State Regulatory DEQE  Air Quality, Air Relevant and These standards were primarily developed Emissions from the solvent extraction unit will 
Requirements Pollution (310 CMR 6.00  Appropriate to regulate stack and automobile be controlled by Best Available Control 

8.00). emissions. Technology such that the regulations are met. 
In addition, fugitive dust on haul roads and 
work areas will be controlled by water sprays or 
other dust suppressants. 

FCAG Threshold Limit Value To be These standards were issued as consensus TLVs could be used for assessing site evaluation 
(TLV) Considered standards for controlling air quality in risks for the solvent extraction activities. 

work place environments. 
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LOCATION-SPECIFIC ARARS 

MEDIUM/AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION (S) 

Wetlands/Floodplains 

Federal Regulatory Clean Water Act (CWA) Applicable Under this requirement, no activity that Dredging and solvent extraction of Hot Spot 
Requirements 40 CFR Part 230 adversely affects a wetland shall be sediment is not expected to significantly 

permitted if a practicable alternative affect any of the wetlands adjacent to the Hot 
that has less effect is available. Spot area. 

RCRA Location Standards Relevant This regulation outlines the requirements The solvent extraction unit and associated 
(40 CFR 264.18) Appropriate for constructing a RCRA facility on a 100- equipment will be located outside of the 

year floodplain. 100-year floodplain of Ascushnet River Estuary. 

State Regulatory DEQE  Wetlands Protection Applicable These regulations are promulgated under Dredging and solvent extraction of Hot Spot 
Requirements (310 CMR 10.00) Wetlands Protection Laws, which regulate sediment is not expected to occur within 100 

dredging, filling, altering, or polluting feet of a wetland or to significantly affect 
inland wetlands. Work within 100 feet of the adjacent wetland area. 
a wetland is regulated under this require
ment. The requirement also defines 
wetlands based on vegetation type and 
requires that effects on wetlands be 
mitigated. 

Federal Nonregulatory Wetlands Executive Order Applicable Under this regulation, federal agencies The dredging and solvent extraction of Hot 
Requirements to be (EO 11990) are required to minimize the destruction, Spot sediment is expected to have a minimal 
Considered loss, or degradation of wetlands, and effect on adjacent wetlands. 

preserve and enhance natural and 
beneficial values of wetlands. 

Floodplains Executive Applicable Federal agencies are required to reduce Dredging of Hot Spot sediment is expected 
Order (EO 11988) the risk of flood loss, to minimize to have minimal impact on the flood-

impact of floods, and to restore and plain of the Acushnet River. 
preserve the natural and beneficial 
value of floodplains. 
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AUTHORITY REQUIREMENT STATUS 

Federal Regulatory RCRA - General Facility Relevant and 
Requirements (FRR) Standards (40 CFR 264.10 Appropriate 

264.18) 

FRR RCRA - Preparedness and Relevant and 
Prevention (40 CFR Appropriate 
264.30  264.37) 

FRR RCRA - Contingency Plan Relevant and 
and Emergency Procedures Appropriate 
(40 CFR 264.50  264.56) 

FRR RCRA  Releases from Relevant and 
Hazardous Waste Management Appropriate 
Units (40 CFR 264.90 -
264.109) 

FRR RCRA - Closure and Post- Relevant and 
closure (40 CFR 264.110  Appropriate 
264.120) 

FRR RCRA - Incinerators (40 Relevant 
CFR 264.340  264.599) 

FRR RCRA  Waste Piles Relevant and 
(40 CFR 264.250  Appropriate 
264.269) 

I I I

TABLE B-4 (continued)


ACTION-SPECIFIC ARARS


REQUIREMENT SYNOPSIS


General facility requirements outlining

general waste analysis, security

measures, inspections, training, and

location standards.


This regulation outlines requirements for

safety equipment and spill control.


Every hazardous waste facility must have

a contingency plan that is implemented

immediately upon fire, explosion, or

release of harmful hazardous waste

constituents.


This regulation details the requirements

for a groundwater monitoring program to

to be installed on-site.


This regulation details the specific

requirements for closure and post-closure

of hazardous waste facilities.


This regulation specifies the performance

standards, operating requirements,

monitoring, inspection, and closure

guidelines of any incinerator burning

hazardous waste.


Details procedures, operating require

ments, and closure and post-closure

options for waste piles. If removal or

decontamination of all contaminated soils

is not possible, closure and post-closure

requirements for landfills must be

attained.


CORRESPONDING REMEDIAL ACTION(S)


Facility will be constructed, fenced, and

operated in accordance with this requirement.

All workers will be properly trained. A

written waste analysis plan must be developed

and maintained on-site. Site entry must be

prevented by a 24-hour surveillance system and

appropriate signs posted. A written inspection

program must be developed, and all personnel

must complete an on-the-job training program

to ensure facility compliance.


Safety and communication equipment will be

installed on-site; local authorities will

be familiarized with the site.


Plans will be developed during remedial design.

Copies of the plans will be kept on-site.


A groundwater monitoring program will be designed,

installed, and operated to assess groundwater

contamination.


Treated sediment, if deemed hazardous, will

be solidified prior to on-site disposal. A 30

year post-closure program must include groundwater

monitoring. A notation on the deed to the

property must be recorded that will notify any

potential purchaser that the land has been used

to manage hazardous waste.


At closure, all wastes, residues, ash,, and

effluents will be placed in an on-site disposal

area.


According to RCRA, waste piles used for treatment

or storage of non-containerized accumulation of

solid, non-flowing hazardous waste,-may comply

with either the waste pile or landfill

requirements. The covering of the incinerator

ash on-site, therefore, must comply with either

subpart.
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ACTION-SPECIFIC ARARS 

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

FRR TSCA  Storage and Disposal Applicable These regulations specify the disposal/ Solvent extraction would be considered an 
(AO CFR 761.60  761.79) destruction requirements of PCB materials alternative treatment technology and would need 

in excess of 50 ppm. Dredged materials to achieve a level of performance equivalent to 
with PCB concentrations greater than SO incineration prior to disposal. This regulation 
ppm may be disposed by alternative methods is also applicable to the off-site incineration 
which are protective of human health and of the PCB extract. 
the environment, if shown that incineration 
or disposal in a chemical waste landfill 
is not reasonable or appropriate. 

FRR OSHA  General Industry Applicable These regulations specify the 8-hour, Proper respiratory equipment will be worn if it 
Standards (29 CFR Part time-weighted average concentrations for is impossible to maintain the work atmosphere 
1910) various organic compounds. Training below the concentrations. Workers performing 

requirements for workers at hazardous remedial activities would be required to have 
waste operations are specified in 29 completed specified training requirements. 
CFR 1910.120. 

FRB OSHA - Safety and Health Applicable This document contains instructions All appropriate safety equipment will be on-site, 
Standards for Federal concerning worker safety at RCRA or and appropriate procedures will be followed 
Service Contracts Superfund hazardous waste facilities. during remediation. 
(29 CFR 1926) • 

FRR OSHA  Recordkeeping, Applicable This regulation outlines OSHA recordkeep- This regulation will be applicable to the con-
Reporting, and Related ing and reporting regulations for an struction company(s) contracted to set up the 
Regulations (29 CFR 1904) employer. facility and perform the decontamination process 

on-site. 

FRR Protection of Archaeological Relevant and These regulations develop procedures If archaeological resources are encountered 
Resources (32 CFR Part 229, Appropriate for the protection of archaeological during dredging, work will stop until the 
229.A) resources. area has been reviewed by federal and state 

archaeologists. 

FRR CWA - AO CFR, R5 Applicable This regulation specifies that a best A BMP will be developed and followed during 
management program (BMP) be developed to remedial activities. 
minimize pollutants release from the 
facility. 

FRR CWA  Permits for Dredged Applicable This regulation states that no alternative Potential impacts associated with erosion, 
and Fill Material (Section that impacts a wetland shall be permitted sedimentation, and resuspension of sediment 
AOA) if there is a practicable alternative will be mitigated. Effluent levels will 

that has less impact on the wetland. If be used as a guidance level that will be 
there is no practicable alternative, impacts considered during implementation of 
must be mitigated. Section 307, effluent this alternative. 
standards of 1 ppb concentration of PCB, 
is incorporated by reference. Standards 
is to be considered for performance 
levels. 
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TABLE B-4 (continued) 

ACTION-SPECIFIC ARARS 

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CORRESPONDING REMEDIAL ACTION(S) 

FRR DOT Rules for Transportation Applicable This regulation outlines procedures for PCB-containiiiated sediment exists. If 
of Hazardous Materials (49 packaging, labelling, manifesting, encountered during decontamination of 
CFR Parts 107, 171.1  and transporting hazardous materials. heavy equipment and personal protective gear, 
172.558) these materials shall be packaged, manifested, 

and transported to a licensed off-site disposal 
facility. Waste must have registration number 
with the letters "DOT." 

State Regulatory DEQE  Hazardous Waste Relevant aad These regulations specify the During remedial design, these regulations will 
Requirements (SRR) Phases I and II (3)0 CMR Appropriate Massachusetts requirements for closure be compared to the corresponding federal RCRA 

30.00) and post-closure of hazardous waste regulations, and the more stringent requirements 
facilities. will be relevant. 

SRR DEQE  Massachusetts Applicable These regulations outline the Commonwealth During remedial design, these regulations will 
Contingency Plan of Massachusetts procedures for be compared to the corresponding CERCLA 
(310 CMR 40.000) regulating hazardous waste activities. regulations, and the more stringent requirements 

will be applicable. 

SRR DPW  Hazardous Substance Applicable These regulations detail the informational The requirements of this regulation will be 
Right-to-Know fl05 CMR 67) requirements for hazardous substances attained during alternative implementation. 

used by the Massachusetts Dept. of Public 
Works. 

SRR DOL - Hazardous Substance Applicable These regulations detail the informational The requirements of this regulation will be 
Right-to-Know (441 CMR 21) requirements for hazardous substances used attained during alternative implementation. 

by the Massachusetts Dept. of Labor. 

SRR DEQE  Hazardous Substance Applicable These regulations outline the inform- The requirements of this regulation will be 
Right-to-Know (310 CMR 33) ational requirements for hazardous sub- attained during alternative implementation. 

stances that may affect workers associated 
with the Department of Environmental 
Quality. 
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